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PREFACE

This document is submitted by the Vought Systems Division, LTV

Aerospace Corporation, P.O. Box 5907, Dallas, Texas 75222, to the National

Aeronautics and Space A_,,inistration, Jonnson Spacecraft Center (JSC).

Houston, Texas, in accordance with Contract No. NAS9-12507, dated 28 March

1972. It is the Final EVA/IVATasks, Guidelines, and Constraints Definition

Report, and fulfills part of the requirements of DRL No. T-720, Line Item l,

DRD MA-182-T. It contains detailed supporting final documentation on Work

Breakdown Structure Subtask l.l EVA/IVA Tasks, Guidelines and Constraints

Definition. It consists of updated briefing material used in the June 1972

Tasks, Guidelines, and Constraints presentation, plus Appendices on Repre-

sentative Task Scenarios, Revised Shuttle Traffic Model, Timeline and

Mission Analysis, and Prebreathing Requirements. The following volumes are

also included in the final documentation:

Volume I - Technical Summary Report

Volume Ill Requirements Study For Space Shuttle Pressure Suits

Volume IV Requirements Study for Space Shuttle Mobility Aids

Volume V - Requirements Study for Space Shuttle Emergency IV Support

A special task on the lO psia Orbiter Cabin Impacts, plus a delta-task on

Emergency IV Requirements, were conducted for NASA subsequent to the completion

of basic contract work. This was accomplished by agreement between the Technical

Monitor, Mr. D. L. Boyston of NASA-JSC, and the VSD Project Engineer, Dr. R. L. Cox.

In this connection, the detail of final documentation was relieved, and Volumes

I, II, and V are largely updates of briefing material previously presented to

NASA.

Work on this contract was conducted over the time period 28 March 1972

through 30 April 1973.
ii
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APPENDI X A

REPRESENTAIIVE TASK SCENARIOS

The following seven scenarios were chosen as representative and pre-

pared for use in identifying concepts and deriving requirements for EVA and

IVA equipment for use on the Shuttle Orbiter vehicle.

The representative Orbiter vehicle configuration used in the scenarios

has a 15 ft. x 60 ft. payload bay compartment. For the purposes of examining

IVA in the payload bay, it is assumed the doors may be closed while the radiators

are left deployed. As a worst case situation, it is assumed that the location

of the airlock is aft of the windscreen area, with the outside opening on the

upper surface of the shuttle.

The exterior aerodynamic surfaces of the Orbiter vehicle, with the

exception of the forward body and wing and fin leading edges, will be covered

with rigidized silica or mullite (aluminum silicate with silica fiber) material.

The forward body and wing and fin leading edges will be covered with reinforced

carbon/carbon (RCC)material. This thermal protection material will have a

moisture s_aling layer and an outgas prevention layer over it. The coated

material is susceptible to damage and therefore, care must be taken to prevent

its being bt_ped with sharp objects, etc.
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1.0 EXAMPLESCENARIOFOREVAMAINTENANCEOF

A LARGESPACETELESCOPE(LST)

The following representative LST componentsare to be replaced

during revisits by the Orbiter vehicle:

a. The secondary mirror module

(29 in dia. x 20 in long - 120 Ib)

b. One RCS module - Figure 1

(21 in x 27 in x 15 in - 120 dry, 170 Ib wet)

c. One assy containing two dual rollout solar cell panels

(]0 in dia x IIft long - go Ib)

do 6-Contamination monitoring gages in the area of the secondary

mirror - Figure 2
(1.3 in dia x 3.5 in long - .5 Ib)

eo 2-Mass spectrometer end instruments in the area of the

secondary mirror - Figure 3

(4 in dia x 6 in long - 2 Ib)

fo 4-Contamination monitoring gages inside telescope tube,
two in the area of the primary mirror and two in the area

of the secondary mirror - Figure 2
(1.3 in dia. x 3.5 in long - .5 Ib)

In conjunction with replacing contamination gages inside the

Iw

telescope tube, the primary and secondary mirror surfaces would

be cleaned. Figure 4 shows an active cleaning device.

Any single EVA will not include all items listed, therefore the

following lists are provided for representative LST EVA.

A. Aperture End

I. Replace the secondary mirror module

2. Replace the 6 contamination monitoring gages in the

area of the secondary mirror
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3_ Replace the 2 mass spectrometer end instruments in

the area of the secondary mirror

B. Inside the Telescope Tube

I. Replace the 4 contamination monitoring gages

2. Clean primary and secondary mirror surfaces

C. Replace 2 RCS modules on opposite sides of the LST

D. Replace one assy containing two dual rollout solar cell panels

The Orbiter vehicle will be docked with the LST, as shown in Figure 5,

in a 28.5 ° orbit at 300-400 nautical miles. A support module, such as the

i11ustrated sortie can, will be used to pressurize the LST for servicing

operations. The light shield, at the aperture end of the LST, is retracted,

the environment protection doors are closed, and all deployable components,

such as the solar cell panels and antennas, are retracted.

Figure 6 shows the LST as it would appear in orbit with all components

deployed. The optical telescope assembly and the scientific instrumentation

package of the LST are mounted on an experiment-peculiar bulkhead. The pressure

bulkhead is attached to a pressurizable compartment. The pressurizable compartment

subsystems and experiment electronics are located within the compartment,

allowing shirtsleeve access to all of the instrumentation packages and the

compartment subsystems when docked with the Orbiter vehicle.

Figure 7 is a scale drawing of the LST. The secondary mirror module

is outside the pressurizable compartment, at the aperture of the optical

telescope assembly. The dual solar cell panel assemblies are mounted on the

outside surface of the pressurizable compartment and the 4 RCS modules are

in line with the dual solar cell panel assembly supports. Six of the contami-

nation monitoring gages are located outside the telescope tube in the vicinity

A-4



of the secondary mirror and four inside the telescope tube, two in the

vicinity of the primary mirror and two in the vicinity of the secondary

mirror. Access to all these components is to be gained by EVA. It is

assumed that access into the telescope tube will be through an opening in

the aperture end.

The following is a listing of events (not necessarily in sequence)

for replacing the LST components.

I. Unstow EVA equipment

2. Don and checkout EVA equipment and prepare for EVA

3. Exit Orbiter vehicle through airlock

4. Translate across Orbiter vehicle surface to sortie can

5. Unstow spare component

6. Translate across sortie can and LST to worksite

7. Prepare worksite for removal of component

8. Gain access to component

g. Remove component

I0. ,Transport removed component to Orbiter vehicle and stow

b

11. Transport spare component to worksite

12. Install spare component

13. Replace parts removed to gain access

14. Prepare to return to Orbiter vehicle

15. Repeat 5 through 14 for other components

16. Translate across LST and sortie can to Orbiter vehicle

17. Translate across Orbiter vehicle to airlock opening

18. Re-enter Orbiter vehicle through airlock

19. Doff EVA equipment and stow

A-5

I
I

I
I

I
I
I

I

I
I
I
1

I
I
I
i
I

I
I



/
/
I

/ _156 IN. COUPLE---_

.01_.

FIGURE 1

PRES_URA._;T TANK I

I. 25 L_;. DIA)

PITCH OR /

THRUSTERS

6.0 Dq.

/
4.0 L_.

t

\

LARGE SPACE TELESCOPE RCS MODULE

IN. DIA REF

ENVE LOPE

"EMP CONTROL

('HOT' FREON)

135 IN. DIA

SENSING

SURFACE

3.3 cm

(1.3 in.)

1

MULTICON DUCTOR CABLE

FOR POWER
• AND

8.9 cm ___!

0._ in.)

FIGURE 2 CONTAMINATION MONITORING GAGE

A-6



!

| _ 15 ¢m I

F'_'°"-t 1

CAILE. ___ J. (4 tin')

II
!

I

I
FIGURE 3 MASS SPECTROF_TER END INSTRUMENT I

"° "" m

s

g

45 cm .

I

° |
, !

• I
""<"' I

Figure 4 Active _.Clcanh_g Device i

!

I

!
A-7



,..1

-¢.,

W
_J

I--

w

!

I A-8



I

!

I

I

!

!

I

!

X_

I

!

A-g



\

\

m I

l



I_141

\

\

• \I

c_

2_



\

÷Z

I

,+Y

C-C

VPMENT
4ULA7-OR5
_5

WENT RACK

I i I i

- FIGURE 7.

. i ii i _ , , i" _ _ . j " i i i|ll i i i

C_.eK rvONVAIR AEROSPACE DIVISION OF GENERAL DYNAMICS
SAN DIEGO, C/U..IFORNtA

aRENGR .... _ ' . , 'L' , ,, , ,, "

J_eoA_ PR_=/LE
I, ....Km HJ_ _l

N

ZA_ _'ACE TELESf.OPE

•, . !4170171XI06_,,,'
• . " . ge,ai_,. _:_.._::_,l_ ...... ::. [,sm_ Iee /

/_.- !_._



I
l

I
I

!
I
I

I

I
I
I

I

I
I
l

I

I
I

I

2.0 EXAMPLE SCENARIO FOR EVA/IVA SUPPORT

OF AN EARTH OBSERVATION SORTIE

The following are representative activities associated with an Earth

Observation Sortie mission.

A. Preparation of Sortie EVA in Open Payload Bay

I. Install 4 small film magazines

2. Install l large film magazine

3. Assemble and erect the large dish antenna

B. Support EVA In Open Payload Bay

I. Replace 4 small film magazines

2. Replace l large film magazine

C. Stowage of Antenna EVA in Open Payload Bay

I. Disassemble and stow the large dist antenna

D. Stowage IVA In Closed Unpressurized Payload Bay

I. Remove 4 small film magazines

2. Remove l large film magazine

E, Unscheduled IVA in Unpressurized Sortie Facility

I. Operate the observation telescope and control data

taking equipment

Small film magazine, 6 in. x 9 in. x 6 in. - 5 lb.

Large film magazine, 15 in. x 50 in. x 20 in. - 45 lb.

Assembled dish antenna -30 ft. dia. x 3 ft. thick - 276 lb.

It is assumed that the dish antenna is broken down into lO

pieces (9.5 ft. x 15 ft. x 1.5 ft. - 20 Ib) which are stowed in the

payload bay. These pieces are to be fitted together and attached

to a drive _lechanism n_unted in the payload bay.
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The Shuttle will be in a polar orbit at 270 nautical miles with a

Land UseMapping experiment in the cargo bay. Figure 8 shows a representative

configuration for earth observation sorties. A pressurizable sortie experiment

facility will be available for installing equipment such that access for main-

tenance or servicing is available from inside. This facility is shown rotated

upward, out of the Orbiter vehicle payload bay with the experiment equipment

pointed toward earth. The 30 ft. dia. antenna is shown in place pointed toward

the earth. Several cameras are mounted on the pallet because they are too

large or there are more than can be accommodated by the experiment facility.

The antenna segments would be stowed in the payload bay aft of the

experiment facility until the Orbiter vehicle is in position on orbit.

Replacement film magazines would be stored inside the Shuttle or sortie ex-

periment facility.

The following is a listing of events (not nece'ssarily in sequence)

for performing the tasks, EVA or IVA.

I. Unstow EVA or IVA equipment and equipment to be carried

.

4.

5.

6.

7.

8.

g.

lO.

to the worksite

Don and checkout EVA or IVA equipment and prepare for exiting

Orbiter vehicle cabin or sortie experiment facility

Exit Orbiter vehicle througl_ airlock

Translate to payload bay worksite

Prepare work site for tasks

Accomplish assigned tasks

Prepare for return to Orbiter vehicle

Translate from worksite to air lock opening

Re-enter Orbiter vehicle through airlock

Doff EVA or IVA equiDmer_t and stow
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Should the pressurization system in the experiment facility fail

while in orbit, assume that the mission will be continued unpressurized by

IVA. Since several of the Land Use Mapping experiments are aimed at specific

objects on the earth with the optical telescope, an IV astronaut wearing a

pressure suit helmet will view the earth through an eyepiece and control

telescope orientation and operation.

Figure 9 shows a representative sortie experiment facility with the

Land Use Mapping experiment equipment mounted in it.
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3.0 EXAMPLE SCENARIO FOR EVA/IVA DE-ORBIT

READINESS OF RETRIEVED SATELLITE AND TUG

The following are representative tasks which could be accomplished

by EVA or IVA (with the payload bay doors closed) to prepare a Tug and

satelli te for deorbi t and Iandi ng.

a. Connect umbilical connections to Tug and satellite

b. Install covers on delicate instruments and lenses

c. Purge Tug and satellite systems which contain harmful materials

d. Perform safety and health checks on the Tug and satellite

e. Aid _n tying down the Tug and satellite to the payload bay

structure

f. Fold or reposition antennas, solar cell arrays and sensors
which have been deployed and erected.

The Orbiter vehicle is in an equitorial orbit at 100 nautical miles.

A reusable Space Tug has been deployed and has returned a Synchronous

Equatorial Earth Resources Observatory (SEO) from geosynchronus orbit and

has docked with the Orbiter vehicle as shown in Figure 10. The Space Tug
Y •

is the third stage of Shuttle Orbiter vehicle and is configured to be de-

livered to low earth orbit in the payload bay. It will either deploy or

retrieve earth orbiting payloads. A scale drawing of the Space Tug is

shown in Figure II. The main engine is gimbaledby electromechanical

actuators. The thrust structure consists of fiber glass tubes and boron-

epoxy Icyups. The aluminum shell inner barrier is the primary load Carrying

structure, the outer barrier, rubber impregnated beta cloth, serves as a

meteoroi(! ,',I.,eld., The aluminum LOX and hydrogen tanks are'

covered _,,:iLi. double goldized Kapton multi-layer insulation to minimize
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heat inputs into the tanks. Four reaction control system (RCS) modules,

with four thrustors eac_ are located at the conical section of outer

shell close to the vehicle cg. The RCS conditioning equipment is located

in the intersection between the two main tanks. The propellant tanks that

supply propellants for the RCS, the electrical power system, and the main

engine for idle mode operation and for feedline conditioning are located

inside the main tanks. The majority of the avionics elements are located in

the forward skirt and are passively cooled, with the exception of the fuel

cell. Some avionics components, and data collection and transmission are

located throughout the vehicle. The active element of the payload

docking structure is located at the forward end of the vehicle and con-

sists of a square docking frame with shock absorbers to negate the

closure energy. Guidearms, which are the passive element of the Tug to

Orbiter vehicle docking interface, are located at the aft end of the

vehicle and engage in a similar square frame with shock attenuation devices

located in the Orbiter vehicle.

The Synchronous Equatorial Earth Resources Observatory (SEO)
b

is an unmanned satellite designed to gather scientific data concerning earth

resources from synchronous equatorial earth orbit. Photographic data will

be obtained by means of photographic subsystem consisting of a frame type

camera, a processor-dryer, and a scanner. Both the photographic data and

the television data will be transmitted to ground receiving stations by

means of a communications link in a time-sharing mode. The configuration

of the SEO is shown in Figure 12. In the stowed condition, the solar paddles

are rotated into a fore-aft plane (perpendicular to the plane of the docking

ring).
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The following is a listing of events inot necessarily in sequence)

for performing the de-orbit readiness tasks by EVAand IVA.

I. Unstow EVAequipment and equipment to be carried to the work
site

2. Don and checkout EVAequipment and prepare to exit the Orbiter
vehi cl e cabin

3. Exit Orbiter vehicle thru airlock

4. Translate to Space Tug work site area

S. Prepare work site for tasks

6. Accomplish Tug tasks

7. Prepare work site for departure

8. Translate to satellite work site area

9. Prepare work site for tasks

lO. Accomplish satellite tasks

If. Prepare work site for departure

12. Translate to safety site clear of payload bay

13. Remain at safety site until Space Tug and Satellite are

lowered into payload bay

14. Translate to payload bay Space Tug work site

15.. Prepare work site for tasks

b

16. Accomplish Tug tasks

17. Prepare work site for departure

18. Translate to Satellite work site

19. Prepare work site for tasks

20. Accomplish Satellite tasks

21. Prepare work site for departure

22. Translate from payload bay to airlock opening

23. Re-enter Orbiter vehicle through airlock

24. Doff EVA equipment and stow
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Should the payload bay doors be closed after the Tug and satellite

are lowered into the payload bay, event 15 through 21 will be accomplished

as unpressurized IVA.
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4.0 EXAMPLE SCENARIO FOR EVA INSPECTION AND

REPAIR OF THE ORBITER VEHICLE EXTERIOR

The following are representative Orbiter vehicle components to

be inspected for proper condition and repaired,if necessary, by EVA in pre-

paration for de-orbit. These are also candidate Free Flyer tasks.

a. Thermal Protection System (TPS) over the exterior surface

b. Structural supports, fluid connections and electrical
connections for the External Tank Subsystem

c. All doors and mechanisms operated after launch

d. Payload bay equipment prior to closing payload bay doors

e. Sensors and sensor ports such as pitot-static tubes, air data
transducer ports, horizon sensors and star trackers

f. Antennas

g. Aerodynamic control surfaces

h. Exhaust ports such as APU and evaporative heat sink

i. Windows

j.. Emergency egress doors

k. Abort rocket structural supports and electrical connections

The Orbiter vehicle is in any obtainable orbit, (Ref. MSC-06746)
J

preparing to deorbit and land.

Figure 13 is a sketch of the Orbiter vehicle showing the overall

dimensions and the general locations for some of the components to be inspected

and repaired.

The TPS is made up of two basic types of materials: l) the entire

exterior aerodynamic surface,with the exception of the Orbiter forward body

and leading edges of the wings and fins, will be covered with rigidized silica
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or mullite (aluminum silicate with silica fiber) material herein called I

rigidized silica insulation (RSI). m

There are two classes of RSI. RSI Class I is a ceramic material

covered by a ceramic moisture resistant coating extending from the forward m

body of the Orbiter to within 2-4 feet aft of the cockpit. It can withstand

15-25 psi compression over a flat area or a 4 in-lb impact without damage, m

RSl Class ii is a sponge elastomer material coated with a silicone paint, m

It can withstand "reasonable" (undefined) contact pressure; 2) the Orbiter

forward body and leading edges of the wings and fin will be covered with m

Reinforced Carbon/Carbon (RCC) material. The RCC material will have an

oxidation-inhibiting coating over it. The RCC material is installed along m

thewing and fin leading edges in segments approximately 30 inches long and m

in segments of varying sizes on the forward body. The RCC material thickness

is over I/8 inch. The RCC material is rigid with a hard brittle coating, m

rugged and capable of withstanding moderate impacts without damage.

Noon-orbit repair technique has been defined for either the surface m

material or, the RCC material. However, replacement of segments will certainly m

be a candidate repair technique for some areas and a repair technique for filling

damage holes with a temporary "get down" material will be a candidate for ' m

other areas.

The following is a listing of events (not necessarily in sequence) m

for performing the inspection task: I

I. Unstow EVA equipment and equipment to be carried during the

inspection m
2. Don and checkout EVA equipment and prepare to exit the Orbiter

vehicle cabin m

I
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3. Exit Orbiter vehicle througl_ the airlock

4. Translate to open payload bay

5. Perform inspection task

6. Translate to safety site (:lear of payload bay

7. Remain at safety site until payload bay doors are closed

8. Translate over the Orbiter vehicle surface making a

visual inspection

9. Return to area of airlock opening

10. Re-enter Orbiter vehicle through airlock

11. Doff EVA equipment and stow

The following is a listing of events (not necessarily in sequence)

for performing repair tasks:
l

I. Unstow EVA equipment and repair tools and equipment

2. Don and checkout EVA equipment and prepare to exit the Orbiter

vehi cle cabin

3. Exit Orbiter vehicle through the airlock

4. Translate to repair worksite

5". Prepare worksite for tasks

6. Perform repair

7. Prepare worksite for departure

8. Translate to area of airlock opening

9. Re-enter Orbiter vehicle through airlock

10. Doff EVA equipment and stow
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5.0 EXAMPLE DEPLOYMENT AND RETRACTION

OF PLASMA WAKE EXPERIMENTS

I
I

The following are representative activities to be accomplished by

EVA or IVA:

A. Replace 6 sensors on the end of a 160 ft. boom by EVA without

I

I

retracting the boom

Sensor Sizes and Weights:

I. 8 in. x I0 in. x II in. - 15 Ibs

2. 6 in. x 6 in. x 6 in. - 5 Ibs

I 3. 2.5 ft3 - 30 Ibs

I
I

I
I

I
I

4. 9 in. x 9 in. x 12 in. - 20 Ibs

5. 6 in. dia. x 1 in. - 3 Ibs

6. 5.6 in. dia. x l in. - 5.5 Ibs

B. Manually retract a boom by unpressurized IVA inside the experiment

compartment.

C. Manually retract a boom by EVA outside the experiment

, "compartment.

D. Manually rotate thesortie lab into position for conducting

experiments.

E. Manually rotate the sortie lab into the stowed position following

I
I

I
I

the completion of the experiments.

The Orbiter Vehicle is in a polar orbit at lO0 nautical miles on a

sortie mission with a plasma wake measurements experiment. The experiment

equipment is shown in Figures 14 and 15. Figure 14 shows the pressurized

experiment compartment for displays and controls. Instruments and sensors

are deployed on booms by means of the three airlocks on one end of the pressurized

I A-27



compartment. Figure 15 (a) shows a typical sensor deployment for the plasma

wake measurements. Figure 15 (c) shows typical boommounted antennae for

other physics experiments, and Figure 15 (b) shows a typical boom package.

With the equipment deployed as shown in Figure 15 (a) the 160 ft. boom has

failed to retract by the normal powered method for changing the boom mounted

equipment and re-deployment.

It is desirable to change the boom mounted equipment by EYA and

complete the mission and then retract the boom manually before de-orbit.

The following is a listing of events (not necessarily in sequence)

for changing the boom mounted equipment by EVA:

I. Unstow EVA equipment and equipment to be taken to the worksite.

2. Don and checkout EVA equipment and prepare to exit the Orbiter

through the airlock.

3. Exit Orbiter vehicle through the airlock

4. Translate to worksite at end of extended 160 ft. boom

5. Prepare worksite for equipment change

6. "Accomplish equipment change

7. Prepare worksite for departure

8. Translate to area of airlock opening

9. Re-enter Orbiter vehicle through airlock

lO. Doff EVA equipment and stow

The following is a listing of events (not necessarily in sequence)

for retracting the boom manually by IVA within the pressurized experiment

compartment.

I.

2.

Unstow IVA equipment

Don and checkout IVA equipment
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3. Enter pressurized experiment compartment

4. Depressurize pressurized compartment

5. Open boom inner airlock door

6. Install crank in retraction mechanism and crank in boom

7. Close outer airlock door

8. Pressurize the compartment

9. Re-enter Orbiter vehicle cabin

lO. Doff IVA equipment and stow

The following is a listing of events (not necessarily in sequence)

for retracting the boom manually by EVA.

1. IJnstow EVA equipment and equipment to be carried to the worksite

2. Don and checkout EVA equipment and prepare to exit the Orbiter

vehi c]e cabin

3. Exit Orbiter vehicle through the airlock

4. Translate to area ofboom housing .

5. Prepare worksite for manual retraction task

6. Retract boom by turning the boom forcing the links into the.

" housing one by one

7. Assist in closing airlock outer door

8. Prepare worksite for departure

9. Translate to area of airlock opening

I0. Re-enter Orbiter vehicle through airlock

11. Doff EVA equipment and stow

The following is a listing of events (not necessarily in sequence)

for rotating the sortie lab to change its position.

I. Unstmv EVA equipment
4
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2. Don and checkout EVAequipment and prepare to exit the

Orbiter vehi cl e cabin

3. Exit Orbiter vehicle through the airlock

4. Translate to area of sortie lab

5. Prepare for rotation operation

6. Manually rotate sortie lab into desired position

7. Prepare for departure from work area

8. Translate to area of airlock opening

g. Re-enter Orbiter vehicle through airlock

I0. Doff EVA equipment and stow
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6.0 EXAMPLE SCENARIO FOR IVA MAINTENANCE

OF AN X-RAY ASTRONOMYOBSERVATORY

The following are representative X-Ray Astronomy Observatory

activities during a revisit by the Orbiter vehicle.

A. Replace the proportional counter array

(15 in x 26 in x 66 in - 166 Ib)

B. Replace the scintellation counter

(20 in x 30 in x 27 in - 286 Ib)

C. Replace the crystal spectrograph
(29 in x 64 in x 28 in - lit Ib)

The X-Ray Astronomy Observatory is in a40 ° orbit at 300 nautical

miles. The orbiter vehicle will be docked with the X-Ray Observatory as

It is shown docked with the LST in Figure 5. A support module will be used

pressurize the X-Ray Observatory for servicing operations. The three

components to be replaced, however, are outside the pressurized area as shown

in Figure 16. Access to the sensors is through the unpressurized telescope

tube from inside the pressurizable compartment.

The following is a listing of events (not necessarily in sequence)

for replacing each component by unpressurized IVA.

I. Unstow IVA equipment, replacement component and other

equipment to be carried to the work site

2. Don and checkout IVA equipment

3. Enter the X-Ray Observatory pressurizable compartment

4. Depressurize X-Ray compartment

5. Gain access into the telescope tube

6. Translate through the telescope tube to the work site area

with replacement component and required equipment
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7. Prepare the work site area

8. Gain access to the component to be replaced

9. Accomplish component replacement

10. Replace any parts removed to gain access

11. Prepare work site for departure

12. Translate from work site to area of access opening between
telescope tube and the pressurizable compartment with replaced
component and other equipment

13. Exit the telescope tube with component and other equipment

14. Close access opening between the telescope tube and the
pressurt zable compartment

15. Repressurize the compartment

16. Doff IVA equipment and stow all equipment
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7.0 EXAMPLE SCENARIO FOR EVA MAINTENANCE AND

SERVICING OF A ASTRONOMY EXPLORER (A) SATELLITE

Service and maintenance of an Astronomy Explorer A Satellite was

selected as representative of all free flying task scenarios. It represents

such things as survey of the contaminant cloud, shuttle orbiter exterior inspec-

tion/repair, military applications (such as close-up inspection/retrieval of

satellites, de-arming, etc.), and work on contamination sensitive satellites

which are not desired to be exposed to the near-proximity contamination field

of the shuttle.

The following are representative tasks to be accomplished during

a service and maintenance visit to an Astronomy Explorer (A) Satellite.

A. Repressurize gaseous nitrogen RCS tanks - 6 Ibs

B. Replace worn thruster - 0.02 Ib thruster

C. Replace deteriorating TV camera

D. Replace damaged or deteriorating Solar cell panel

lO in. x 40 in. x .lO in

The Orbiter vehicle will be in the same orbit as the Astronomy

Explorer, 28.5 ° at 270 nautical miles, stationed approximately one nautical

mile away. The Orbiter will station-keep in this position during the main-

tenance and servicing.

Figure 17 shows the Astronomy Explorer Satellite. The mission ob-

jectives of the Astronomy Explorer program are independent investigations of solar

and stellar behavior in the UV, X-Ray and radio spectral regions. The Satellite

weights will be approximately 860 Ibs. The types of sensors to be carried are

optical and radio sensors, cosmic ray and VanAllen belt detectors, IR, Laser,
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TV camera, and radio frequency detectors. Subsystemsconsist of gaseous

nitrogen propulsion for stationkeeping; momentumwheels and gravity gradient

attitude control; telemetry, tracking and commandfor real time data, playback

data and commanddata; and solar cell plus battery electrical power.

The following is a listing of events (not necessarily in sequence)

for Astronomy Explorer Satellite maintenance and servicing.

I. Unstow EVAequipment and spare components

2. Don and checkout EVAequipment and prepare for EVA

3. Exit Orbiter vehicle through airlock

4. Translate to area of free flying maneuvering unit in

the payload bay

5. Unstow, prepare for use and checkout the free flying

maneuvering unit

6. Translate from Orbiter to the Satellite

7. Dockwith Satellite at worksite

8. Prepare worksite for maintenance and servicing

9. Perform maintenance and servicing

lO. Prepare to return to Orbiter

II. Translate from Satellite to Orbiter

12. Dockwith Orbiter in area of Payload bay

13. Shut downand stow the free flying maneuvering unit

14. Translate to airlock opening

15. Re-enter Orbiter through airlock

16. Doff EVAequipment and stow
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I

I

_ Study 0f.Space Shuttle EVA/IVA Support Requirements

i _ I_'_:'_ Traffic Model

M. Bird, C. R. King- 2-51750, R. J. Copeland, R. J. French

Ref. I - Updated NASA Mission Model dtd 6 June 1972 (Wernher v on B3a_to Deputy_Associate Adm.

I Ref. 2 - NASA/DOD Earth Orbit Shuttle Traffic Model in Support of the March 1972 RFP-_MSC-067_6

dtd 21 March 1972. (MSC Internal Note 72-FM-71)

l'ef. 3 - NASA Payload Data Book - B1 July 1972 - The Aerospace Corporation ATR-7_T__12__,_

I Vol. II

Ref. _ - Anon. Integrated Operations/Payloads/Fleet Analysis, Phase II Second Interim

I Report II: Payload Data - ATR-71(7231)-II, Aerospace Corp., 31 March 1971.Volume NASA

Ref. 5 - Research and Applications Modules (RAM) Phase B Study, Technical Data Document,

I GDCA- DDA72- OOBB, Dynamics, May 1972.General 12

Ref. 6 - Shuttle Orbital Applications and Requirements (SOAR) Final Report - Technical

Volume i - Candidate Payload Identification, MDCG2355 Rev. A, McDonnell Douglas

Astronautics Company, December 1971.

Reference 2 was revised to reflect the requirements of Ref. i. Table I is the

revised replacing Ref. 2. Thosepayloads were in Ref.payloads and schedule Table I in which

but are not in Ref. i have been eliminated_ and those payloads in Ref. i which were not in

IRef. 2 have been added as new numbered payloads starting with No. 82. The orbital charac-

%eristics are taken from Ref. 3.

I B-2



Table II is the revised payload combinations and flights, replacing Table II

in Ref. 2. Those payloads which were eliminated in revising Table I have been replaced

by new payloads of approximately the same weight and requiring the same orbit where

possible. Where no replacement was possible, the payload was eliminated. The new

payloads were used in the same year they are called for in Table I except in a few

cases where they are off by one or two years. Some flights were eliminated due to

an overall decrease in payloads in Ref. 1. No effort was made to coordinate the

old payload numbers from Ref. 2 with the new schedule in Table I. The combinations

shown are, however, considered representative and are to be used for mission analysis

in determining EVA/IVA equipment requirements.

Table III is the revised Traffic Model Summary replacing Table III in Ref. 2.

The NASA payload and flight totals and total payload and flight totals have been revised

to reflect the revised tables I & II.

Table IV gives available payload references and is organized by payload class

rather than payload reference number.
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Orbiter

Flight No.

i

2

3

4

5

6

7

8

9

i0

II

12

13

14

15

16

17

18

19

2O

21

TABLE II

PAYLOAD COMBINATIONS FOR ORBITER FLIGHTS

1979

Payload Orbiter

Numbers Flight No.

la, 43 I

la, 13 2

3, 73, 5 3

80, 73 4

28, 4, 73 5

98 6

50 7

56 8

56 9

79, 81 lO

70 ll

79, 36, 81 12

79, 80, 29 13

74, 79 14

71 15

70, 76 16

21, 77 17

30 18

77, 75 19

77 20

77

1980

B-7

Payload
Numbers

85, 3, 4

85, 73, 5

97, 26

97, 14

82, 14

46

93

6o-i

52

ib, _,°" 80

79, lb, 70

80, 36, 22

36, 81, 79

81, 79, 29

89, 76, 79

71, 72

71, 72

21, 75

85, 30

42 (A)

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
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TABLE II

(Continued )

1981 1982

Orbiter Payload Orbiter Payload

Fli6ht No. Numbers Flight No. Numbers

i 73, 5 i 3, _, 5

2 13, la 2 16, 83

3 - * 3 93, 14, la

4 73, 8 4 14, 16, la

5 15 5 53

6 14, 82 6 55

7 14, 83 7 55

8 93 8 60

9 50 9 22, 27

i0 27, 81, 79 i0 35, 79, 29

ii 28, 72, lb Ii 24, 27, 81

12 80, 72, 79 ]2 81, 80, 79

13 80, 81, 29 13 76, 80, 79

14 35, 72, 79 14 35, 72, 79

15 35, 72, 79 15 71, 72

16 36, 72, 76 16 38

17 74, 70 17 38

18 71, 72 18 38

19 38 19 97

20 38 20 96

21 97 21 42 (A)

22 98 22 85, 3o

23 3, 30 23 42

24 85, 4 24 42

25 42 (A) 25 21, 75

26 21, 77

27 77, 25

28 77, 75

29 77

* No corresponding NASA payload identified from Ref. (I), orbiter flight
eliminated.
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TABLE II

(Continued)

1983 1984

Orbiter Payload Orbiter Payload

Flight No. Numbers Flight No. Numbers

1 14, 98 1 - *

2 la, 73, 5 2 14, la, 5

3 14, 16, la 3 14, 16

4 15U, IBD 4 16, 18

5 16, 97 5 18

6 17 6 59

7 87 7 28, 22, 16

8 24, 74 8 36, 81, 79

9 36, 81, 79 9 71, 79

l0 28, 27, 79 l0 80, 76, 79

ll 36, 81, 79 ll 35, 79, 29

12 80, 29, 79 12 71

13 80, 76 13 80, 81

14 35, 70 14 35, 70

15 35, 70 15 38

16 71, 72 16 38

17 71, 72 17 38

18 38 18 38

19 38 19 97

20 38 20 97

21 B8 21 94

22 94 22 82

2B 96 2B 42

24 3, 4 24 42

25 85, 30 25 3, 4

26 21, 77 26 7, 30

27 77, 75 27 21, 75

28 77

29 77

* No corresponding NASA payload identified from Ref. (i), orbiter flight

eliminated.
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TABLE II

(Continued)

1985 1986

Orbiter Payload Orbiter Payload
Flight No. Numbers Flight No. Numbers

i 5, 4, 86 1 5

2 3, 86, 73 2 14, 18, la

3 13U, 15D 3 16, la

4 lh, 16 4 14, 16
5 14, 18 5 18

6 17 6 58

7 18, 19 7 28

8 54 8 22, 76, 79

9 57 9 29, 81

lO 60 lO 35, 79

ll 78, lb, 81 ll 35, 79

12 79, ib, 78 12 72, 79
13 29, 80 13 71

14 35, 79 14 71

15 35, 79 15 72, 80

16 71 16 72, 8O

17 71 17 72, 81
18 70 18 - *

19 79, 76, 78 19 - *
20 80, 78 20 - *

21 74, 81 21 - *

22 99 22 - *

23 62 23 95
24 62 24 42

25 62 25 iOO
26 62 26 lO0

27 - * 27 lO0
28 66 28 i0o

29 95 29 too
3o 38 3o ioo

31 38 31 ioo

32 38 32 lOO

33 82 33 3, 4
34 83 34 21

35 42 35 26

36 lO0 36 26, 75

37 i00 37 3O
38 i00

39 I00

40 85, 30

41 21, 75

42 77, 25

43 77

4_ 77
45 77

46 64

47 68

* No corresponding NASA payload identified from Ref. (i), orbiter flight
eliminated.
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TABLEII
(Continued)

1987 1988

Orbiter Payload Orbiter Payload

Flight No. Numbers Fli_ht No. Numbers

1 8 89 1 la, 3_ 88
2 l_, 16, la 2 la,

3 5, 73 3 5, 4, 88

4 15U, 13D 4 14

5 14, 18 5 16, 18
6 16 6 16

7 19 7 54

8 17 8 78, 79

9 18 9 78, 22
lO 57 lO 78, 79, 27

ii 74, 36 ll 78, 79, 27

12 29, ib 12 79, 72

13 72, 79 13 80, 72

14 27, 81 14 28

15 72, 79 15 29, 80

16 35, 79 16 35, 81

17 35, 79 17 35, 81

18 80, 72 18 36, 76

19 80, 72 19 70

20 36, 76 20 70

21 81, 72 21 71
22 71 22 71

23 71 23 42
24 42 24 lO0

25 82 25 i00
26 lO0 26 lO0

27 lO0 27 lO0
28 lO0 28 lO0

29 lO0 29 lO0

30 - * 30 lO0
31 - * 31 lO0

32 - * 32 30

33 - * 33 21, 75

34 - *

35 - *

36 lO0

37 lO0

38 lO0

39 3, 4
4O 3O

41 26, 75
42 26

43 26
44 26

45 66
46 i00

47 68
48 21

* No corresponding NASA payload identified from Ref. (i), orbiter flight
eliminated.
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TABLE II

(Continued)

1989 199o
Orbiter Payload Orbiter Payload

Flight No. Numbers Flight No. Numbers

1 la, 14, 16 1 5

2 la 2 14, 16

3 5, 73 3 14, 18

4 - * 4 16, 92
5 IBU, 15D 5 18

6 14, 18 6 51

7 16 7 51

8 17 8 79, lb

9 18 9 72, Ib

lO 19 lO 29, 72

ii 58 ii 35, 79

12 60 - 3 12 35, 79

13 28 13 79, 80
14 29, 79 14 71

15 35, 79 15 7]-

16 35, 79 16 80, 81

17 79, 80 17 22, 76, 81
18 70 18 42

19 80, 81 19 82
20 71 20 lO0

21 72, 81 21 lO0

22 74, 76 22 i00

23 3, 4 23 i00
24 42 24 lOO
25 83 25 lO0

26 91 26 lO0

27 i00 27 - *
28 I00 28 - *

29 lO0 29 - *
30 i00 30 - *
31 lO0 31 i00

32 I00 32 3, 4

33 - * 33 7, 30

34 - * 34 25, 75
35 - * 35 21

36 - * 36 69

37 - * 37 i00

38 - *
39 - *

40 30
41 35

42 21, 75
43 77

44 77

45 77

46 77

47 77

48 77

49 71

* No corresponding NASA payload identified from Ref. (I), orbiter flight
eliminated.
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DESIGN INFORMATION REQUEST-RELEASE

MODEL, II) AND IEFFe DIR,.HO,

,u

I , i i_

TO

I REQ. BY

REASON

_l

Fill In block below for Information Request

Study of Space Shuttle EVA/IVA Support T-192-DIR-08

OATIt I PAGE;Requ Irements 1
i i i i i i j

_Yii_w Time_'Ine _nd Mls'si'on _,,._.o..U,O,RAnal_,ses 3356-AA- l160. i i i

. , Fill In block below for Information Reloa,e

, , GROUP ilN REPLY TO DIR. NUMR_R , .

_I.REL.TO R.L..Cox GROUP

. N

GROUP

OF

I 12

LTV ONLY .0 BWR I-1 "UWEPS [] [] NASA

- CG ........ V

I .R. King 2-51753, R. a. Copeland, R. a. French
DESIGN

o AT E;

INFORMATION|

Timeline analyses were conducted and timeline dia_r_s prepared for each EVA and IVA

identified in the scenarios contained in Appendix A of Tasks, Guidelines and Constraints

_iefing Report. The detailed timeline analyses are contained in Attachment I.

Mission analyses were then conducted, utilizing the timeline analysis results,

to determine (1) umbilical lengths requiredp (2) EVA & IVA equipment operating requiredtimes

per EVA/IVA and per orbiter flight_ (3) payload sensitivity to contamination, (4) EVA's and

I IVA's associated with contamination sensitive payloads, (5) maximum number of EVA/IVA required

m per orbiter flight, and (6) maximum EVA/IVA time required per orbiter flight. The detailed

mission analyses are contained in Attachment 2.

Figures l thru 7 and Table I present the results of these analyses. This data is

released for use in selecting EVA and IVA equipment requirements.

I The Shuttle Traffic Model, MSC-06746, March 21, 1972, was updated to reflect the

I NASA Mission Model dated 6 June 1972. Each type payload was reviewed and EVA's and IVA's

chosen as representative when planned or unscheduled EVA or IVA could be applicable. EVA's

and IVA's on DOD payloads were estimated based on their similarity to NASA payloads.

Figure l shows the potential number of representative EVA's and IVA's compared to

the number of times payloads are handled (delivered to orbit, retrieved or revisited) by the

I
C-2
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T-192-DIR-08

Page 2 of 12

Orbiter vehicle. The quantities of potential EVA's and IVA's in this plot were

derived without consideration of payload combinations on Orbiter flights; only

payload type vs representative EVA/IVA was considered.

Figure 2 shows these potential EVA's and IVA's from Figure l related

to umbilical length. It can be seen that an umbilical length of about 70 ft

will accommodate a large percentage of the potential EVA's and IVA's. The EVA

task requiring the longest umbilical is the replacement of the boom mounted

sensors which would require a 220 ft umbilical. Potential EVA's and IVA's

affecting contamination sensitive payloads and water vapor sensitive payloads

are shown separately to illustrate the possible magnitude of the water vapor

sensitivity problem. The potential EVA's and IVA's are those which could be

accomplished on payloads containing contamination sensitive optics or sensors,

ignoring the possible use of remotely operated contamination covers.

Table I summarizes the time required off an umbilical, if a 70'

umbilical were provided. Only 4 representative EVA's would require off-umbilical

operation. As in Table I of Attachment l, the timeline estimates are doubled

to allow for equipment unknowns and to obtain the total time estimates.

TABLE I - ESTIMATED REQUIRED TIME OFF A 70' UMBILICAL

EVA/IVA

EST. NO. OF

WATER SENSITIVE

EVA/IVA

OPERATING TIME OFF A

70' UMBILICAL

TIME LINE TOTAL EST.

(MIN) (MIN)

IA - Aperture End of
LST-EVA 52 I04

IB - LST Telescope
Tube EVA 135 270

4 - Inspection of Orbiter
Exterior - EVA 0 36 72

5 - Replace Boom Mounted
Sensors - EVA 160 320
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Figure 3 illustrates when an umbilical is undesirable. An analysis

of the representative EVA's and IVA's and the routes to be covered if utilizing

handrails indicates that for about 80% of the potential EVA's and IVA's it is

undesirable to have an umbilical to manage. The umbilical could limit maneuver-

ability or create a requirement for a second crewman for umbilical management.

The potential water vapor sensitive EVA's and IVA's where it is

undesirable to use an umbilical are shown in Figure 3 relative to the total

potential water vapor sensitive EVA's and IVA's since the use of an umbilical

is one means of avoiding water vapor expulsion from the life support system.

The large percentage where an umbilical is undesirable indicates another method

of avoiding water vapor expulsion should be used. The "other" EVA's and IVA's

shown in Figure 3 are those which are not water vapor sensitive but the use

of an umbilical is undesirable.

Figure 4 shows the number of potential planned and unscheduled EVA's

or IVA's per flight plotted against the percent of NASA orbiter flights; DOD

flights are not included.

The "Payload Combination for Orbiter Flights" in the Shuttle Traffic

Model, MSC-06746, March 12, 1972 was updated to reflect the payloads in the NASA

Mission Model dated 6 June 1972. The EVA's and IVA's previously selected for

the payloads were related to the orbiter flights, avoiding unlikely EVA and IVA

duplications. Figure 4 shows the number of EVA's and IVA's per flight resulting

from this analysis. The plot shows a maximum of 6 potential planned EVA/IVA's

and a maximum of 9 planned plus potential unscheduled EVA/IVA's. By providing

for 3 EVA/IVA's, over 80 percent of the total potential and over 90 percent

of the potential planned EVA/IVA's would _e accommodated.

C-4
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Figure 5 shows the potential EVA's and IVA's in Figure l related

to the time required to accomplish them. It is a summary of the timeline

analyses conducted on representative EVA's and IVA's related to 713 of the 788

potential EVA's and IVA's identified in the payload analysis. (Scenario #7,

Maintenance and Servicing of An Astronomy Explorer Satellite is omitted.) It

shows that a large portion of the EVA's and IVA's require approximately 2 hours

operating time. Timeline analyses done at this stage in the development of the

Shuttle hardware are only best guesses; therefore, in order to allow for the

unknowns involved the times shown were obtained by multiplying nominal estimated

times by a factor of two.

Figure 6 shows the total potential EVA and IVA time per flight

plotted against the percent of NASA flights. This plot is for the potential

EVA's and IVA's shown in Figure 4 using the timeline analyses results for the

EVA/IVA durations. Potential planned EVA and IVA time is shown separately

plus the times for both l man and 2 man EVA's and IVA's. The times as used

here are the operating times of EVA and IVA equipment or the amount of time

EVA and IVA expendables are being used. If one man EVA/IVA is used the total

required time to cover all orbiter flights is 1237 minutes (approximately 21

hours). The total required time for 2 man EVA/IVA, is shown twice as long,

approximately 42 hours. The second man was considered to be a safety monitor

and umbilical manager. A reduction in this time could possibly be made by

having the two crewmen work together on the tasks.

The figure shows that a large percentage of two men EVA/IVA's and

almost all one man EVA/IVA's could be accommodated by providing for approximately

14 hours of equipment operation time for planned and unscheduled tasks.

Figure 7 shows the percentage of NASA orbiter flights which could

require non-venting EVA/IVA. The plot shows the potential planned and un-
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scheduled non-venting EVA/IVA of those in Figure 4, being required on orbiter

flights, year by year. This potential is based on the type sensors and optics

which are on the payloads, and would represent the actual non-venting require-

ments if adequate covers were not utilized to protect the sensitive devices.

Contamination covers, however, will normally be used on payloads and will be

automatically deployed except in the case of austere sorties where the covers

may be removed and replaced by planned EVA in order to effect a cost savings.

It is anticipated that unscheduled EVA/IVA will be utilized for

manually operating malfunctioned covers on all types of payloads. The incidence

of such malfunctions has been rather high.

It seems reasonable to expect that on I0-20% of the water vapor

sensitive payloads handled by the orbiter, which utilize contamination covers,

a failure would occur which would prevent the cover from operating properly.

These are the cases where unscheduled EVA/IVA would be used. Applying the

I0-20% to the 43.6% 12 year average of flights where planned or unscheduled

EVA could be used near potentially sensitive surfaces, 4.4% to 8.7% of the total

NASA flights, or 2 to 5 flights per year, would require non-venting EVA.

Secondary effects also create a need for non-venting EVA/IVA. In

almost all cases, some areas of the spacecraft or payload will be at a very cold

temperature during shuttle orbital operations. Water vapor, in vented, will

condense on these surfaces, and re-evaporate as orientation is changed. The

impact could be secondary deposition on cold sensors after the contamination

cover is removed, or an undesirable delay in deploying the cover. Again estimating

that secondary effects would be significant on I0-20% of the potentially water

vapor sensitive payloads, another 4.4% to 8.7% NASA flights would require non-

venting, bringing the total to the 8.8% to 17.4%, or 4 to lO flights per year,

illustrated on the plot.

C-6



T-192-DIR-08 I
Page 6 of 12

m

I
m

I- 04 .. _ re

r_ _ i- 0 0
._ _ 0 n- =. _ m

o=._ o ,x,, ,,=, l

> x _ .-., .L' _ <_ m
II

w. ._ _ m.- _
,_X _ ,_ wZ I

. _ _ _ _ _ n

_ < -<-< -< -_ >=- _ m
|

I _

_ _- |

__,J

'" _z

"'_ |

0 l (3 I m
_ ,,, o _ •

.,., _ (3 (0 ¢( '-
_- o_ =" _ mm

om c:) _ m
0 0 >-,-,I ,-, <I r_._

4- .4- Q" m

I

C-7



!

I

I
I
I
I

I

I
I
I

I
I

I

I
I
|-

I

T-192-DIR-08

Page 7 of 12

u-J u'}

_-I I,,,,,4

_ c_
_ z

o _ _ i1_,__,

\ °

I " I ,I I
0 0 0 0
0 0 0 0

0

C-8

-r
I--

-J

Z

_d

i,



T-Ig2-DIR-08 IPage 8 of 12

o _

C-9



I

I

I

,i̧ ¸

!
!
I

I

_l+,+t-'+.tlt_ ,ill! H+i+!_ilrl

,,,,+, ,llllii!ili+,,l ii lI
 l:.t i ++,,,i!I +i, i,+i+,,,!

ill.: .:
I_.L i,, tl

]1 liP:' ++

_:i;!!:iiil

f!......

.! ,

t.+ t:ttittil!J!ltlJ_:_
im+ti+itliii!!

•r_,mt,_t+,, tt, fftft H H-,t, t-_
"+ ' _ll-l-i ;t4 : +-t-t-I +-.t l t l t llt+ _t

+ t ' ++.H'-ill :i ++':

I+ II_t_ti+tt4,t+tiiiit!t!ii
• " +'i Ii

I lt_'il !'! !'_, i_,+:I+, I
7._l.JJ ill iltl_i! !1! ,,i it[rl:!

i +i_iliilll
i+i1411

lli

i,

i;

!_ii !i,+_:

I,.L
;i:t

:11 i ;i:i_iII
,i

i!
II+II

_ii,i:

ii
iii!
lili

f+t_
HH

!i!+
Ii
ii'

i+I[
tit+-

it'll

t 1.1 i

U [_'[2
F: 'i,+_

!.;H-_

:!

+It-!

: ! i._-

Hf

:_iir

T-192-DIR-08

Page 9 of 12

++ +.I'

H+

Ii,t!
i "I1

i i

t, 1

f-

r_
illl

_X

L4.i+l
;+71+I:

_Ifii
:I

:iii!

ilil

:till

+1+I

+!H

TI_+

,r,r

tII!
iil

t
!!, i_

[i

iil

:iii+i

l.T'r

+II

:i111

+;+-.

+i++i
+iv++
4...;'.i

!

i -

i r.++_
+i',t

++++

"_-I I t ttf. iI, +I:,I. .,
i ++.lil i-.,ill:it+:lit+itt
_+" ' tit_, +++4+}_ti+4it41'_;_r_;+'t+': :

:ttttftl:_.+i

+if tl-;;Ptlii 'l t L!+lli;+_

-+!'1 t ++ I'+' ++ :;

t!:Iitf!i!t!.ll_li!!itl:+_1' '+_,_ ', ' i t

tfi+,t-itiil.tt+'I+I_., ' _}!_
ll]ltlltll ;11 I[llrll

t.iiflititt!!ltli!ttii+_
i: It li!i I I t il

I ; iltI i/li, il ii
....... 'if' l_"'.li t .... ,L .,.+

..... ti++i' !tll,ll ,+lib Jkli,.,
",','_ _:1 I_ i i '7l+,lli+',lt .... l,,+ili,tl

]+.Ill +;M+ti+tIi+ t +J
t `t, ii l'i I ', ;',+:

: i ,1 + 1+ ItL+ti_lttlNllll+!h_t_
+ +1 _ "

+ . +I ii +iii,,I N+!,I +,,
+ 4- ' " +;" H;:

i "l 4:ilitttt'+ililt+l; i il lit+ i liIl'4+ll;i :' :ii t +'1
+- _+,+,,+.+++--i,+,,tt+,,,-'ii++++,, .... i ,l++il_+.;:: .,/i:; +

+.. + .+ .+i-t-+.

I "l:+I-_+++!_+tt_!p_il ,I;:i it;"4':; +_l'++.+ + : :+
i t:l:t-tl._i;JliHltt!! -flit i'+-!t:-l-t!_ .fl,:++i , ,. ,,!_:i-,,

-,+l++l,t, +it ,l_t _; ;++
......... " ......... ' ....... :++tilt,;; + ..I'+"

+It +'-iT : +++, '-:,T,'-:" +-r':_-r - -i7r i,---: !fltt,,+tii++t. ,I+,_,,+
, i ,;+i+ ,,:

_+ i ++ +, +,i,;;; ' + +

mi,_!<!+-i+l'+!F.+-__ i_ i+'_fO _,:. ' ,.,:
_Pf'+i-iiiit4i;+Jllil I:;: I_t ;i I; i;; ill ;;: ',:; ;+ .... i, +, ,,

_ihi_1t+ 11tilt:: ,, _ ,_i Ir , ;_ : : _ ' I" [ ' :

i l+ :- +'1-_."i-+'-"++ H-+t4+l " + __,._u. _.++ +-+4-. >+-'1-' +7 -f, -.+ _ ; '. + .... ;

+ -f 1 r, +_+, ..... ,_+ .......
+t + +-, + ...... + ,+

# : +_. : , +-¢: _r ,, .. : _ ....:I iTtil:t',ii:,t!_:it*,: :+;!ti :,, :!_' '1:."
_+ ' _' ++_- +4--_-,-r.t.--, 4.-' -..,_ -+ ; ..+ _;+l+ + + +,+ ++ ,, ,.. ;+ _ + .......

i _ ._ , +._ ....... + ,' +; , + .... I ...... "'i_++::: :

; ',:ll+iJ+|fft+t+t_l|'.''.'.J!: i t [ il , t
;xl4l+ll+I++ll;l_ll!;;'l;;_';:';': - t ;: I ,

• t+l:',ll t '.:1::.: i+:. +: :.; : ,
' ' if+ , + ;,+t ' ;_ ,, i , _ t , +I_, ,+, _+_ .,i
' - - 4++ "_'+' • ....... +_ ++_' ++_+ _ +++t _+,"+_,_,,_t .............. _ ,., .... t.,,

!. + _+i r +'+ +,_' ,'+' P," _'.,i .i ';'_ +t_" _*.,I+.,
: _' i ' tI Ill ....... i +' ,+_',,i,J', .... ,_,

C-IO



T-192-DIR-08

Page lO of 12

C-ll

I
I

I
I

I
I

I
I

I
I

I
I

I
I
I
I
I

I
I



T-I 92-DIR-n8
--,_-,...... ----,--.................................. -Page .I1 of 12

!

l:, ....t ' ! i_i_i_.,.. ! ' I ' :" : 'I .... , i ;

__i i ' } ! - ........... : ..... i .........

II i 1 " 1 ' I x I _ _ I '

IF: 1:. I . : • t ' "lift i i : t : ' ! !
! V21::,! : . '" " t:ilti i ' i, i ' ' '

bl4-1_'q!141_., r..,_L i,r_.4,t,, r-L cJT-r _ I _-'-I_ ?Z ' "[----I ..... _ ....

l!':G",ii_. ,:_,i_ .11 !,KT r , : : ,
i _ _ ' l ' I -- _. _ ,' l- If il ! i !

i " , II "1 rl_ " , ' I I ' I --_ "1_'+_+:_-- !

: " , I • _ _ ' ' ' ' ,

I " _ .... 1 ........... .... _..... - ..... _ ....... _ ............ • ..... ' . _
' ' ' i " , I [- _lil ,--71- .i :_/-Lpz.,@;iri__glll//v _

............. I .... _-- f '_ , - i ....... .

I ' 4 ' _ ' ' ' ..... ; r _ _ _ Jl ; "l*l _ ' ' i I [ " I

I ;. / _ ....._1 I I !1 _ I

1
1

! ; i : 't
i,t.l' .I ' ; I ' .......t_ _1 - 'I _ i i. i i , : i ......,, /._

' C-lZ *



C-13



I

i

I
I

I
I

I
I

I
I
I

I

I
I

I
I

I

ORBITER EVA AND IVA

TIMELINE ANALYSES

T-192-DIR-08

Attachment l

Timeline analyses were conducted and timeline diagrams prepared for

each EVA and IVA in Ref. l except No. 7 - Maintenance and Servicing of an

Astronomy Explorer (A) Satellite. VSD was verbally directed by the Contract

Monitor after the midterm review to pursue this Scenario no further since it

involved the use of a free-flying maneuvering unit.

The following assumptions were made during the timeline analyses.

I. Assume manual translation by the crewman using handrails.

2. Use a translation rate of .5 ft/sec (Ref. l, Guideline 14, Nominal)

3. Assume cargo transfer is manual, no aids.

4. Assume the crewman can transfer one large package or several small

packages of cargo in one trip.

5. Assume the cargo packages for planned EVA's are stored along the

path, and for unscheduled EVA's the crewman will have these when he exits the

airlock. (As much as 2-I/2 min. more time could be required to retrieve parts

stowed in the payload bay)

6. Assume 5 min. removal and replacement time for each item for planned

EVA and prepared worksites with foot restraint (Ref. 2).

7. Assume 20 min. max. and lO min. minimum removal and replacement

time for each item, for unscheduled EVA and unprepared worksite without foot

restraints. (Ref. 2)

8. Assume time to enter and prepare worksite or prepare and evaluate

worksite to be 30 sec to 2 min., according to estimated complexity of task.

Figures l through 16 are the timeline diagrams for the EVA's and

IVA's for the time from "read to move away from the airlock opening" to "ready

C-14
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to re-enter the airlock". If the required umbilical length exceeded 70 ft. for

the EVAand "off-umbilical time" is also shown on the diagram. The tasks re-

quired to accomplish each EVA or IVA were postulated and are listed on the

diagram. The time to accomplish each task and additional assumptions are on

a sheet following each diagram.

Table I is a summary of the times estimated for each EVA and IVA.

Since timeline analyses accomplished at this early time in the development

of shuttle hardware are only best guesses, the timeline estimates are multiplied

by two in order to allow for the unknowns. An estimated time of 25 minutes

for EVA equipment operating time required during egress/ingress of the airlock

is added to obtain the total estimated EVA and IVA times shown.

REFERENCES

Ref. l Tasks, Guidelines, and Constraints Briefing, June 15, 1972,

LTV Aerospace.

Ref. 2 Maintainability Design Criteria for Packaging of Spacecraft

Replaceable Electronic Equipment, AIAA Paper No. 72-235, March

27-28, 1972, John R. Kappler, Grumman Aerospace Corp. and

Anne B. Folsom, NASA-MSFC.
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TABLE I - TIMELINE SUMMARY

EVA/IVA

IA

IB

IC

ID

2A

2B

2C

2D

2E

4
5A

5B

5C

5D

_E
6A

6B

6C

TIMELINE

66

149

23

26 ....
96

39

69

27

9_
57,,

......41
174

38

67

61

(}I,,
44

44

44

TIMES.MINUTES
TIMELINE TOTAL""EST.

X2
I ,

132

298

46

52
l j

192

78

138

58

186

l,1,14.
82

348

76

134

!22

]2.2
88

88

88

157

323

71

77
, J ,

217

I03

163

83

211

139

I07
l,

373

lOl

159

147

147

11'3
113

1!3
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ORBITEREVAANDIVA

MISSION ANALYSES

T-192-DIR-08
Attachment 2

I. Representative EVA's and IVA's for Paxloads

Each type payload in Reference 2 was reviewed and representative

planned or unscheduled EVA's and IVA's that could be applicable were selected

from Reference I. These assumptions were made in the selection of representative

EVA's and IVA's for the payloads.

A. EVA and IVA are established operational techniques.

B. EVA will be utilized for removal of covers from payloads con-

taining optical devices and sensors and for deploying cali-

bration sources for payloads requiring them for on-orbit check-

out.

C. On 5% of the orbiter 597 flights a malfunction will occur where

an EVA would be required to inspect the orbiter exterior or

payload bay.

D. No EVA activity on Space Station Payloads.

Table I shows the selected representative EVA or IVA for each payload. The

information in Ref. 3 was the primary source for payload definition. The in-

formation was studied and where potential EVA or IVA was applicable a repre-

sentative EVA/IVA was selected based on the similarity of the equipment on

the payload and the equipment in the scenarios or similarity of the task to

be accomplished on the payload and the tasks defined in the scenarios. Table I

is arranged by payload type with the payload reference number, title, orbit

weight and 12 years total shown in addition to the selected EVA or IVA.

Reference 2 does not consider the retrieval possibilities, but two

retrieval possibilities exist (I) Shuttle plus Tug, (2) Shuttle only. For
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Shuttle plus Tug retrieval, when a reusable Tug has delivered a payload to

its position in space, the Tug could be used to bring a nearby payload back

to the shuttle for retrieval. From the Tasks, Guidelines and Constraints

Briefing, 74 Tug flights would have the capability for retrieval. Assuming

50% utilization, 37 Tug flights would retrieve a satellite and #3 EVA could

be applicable. For the shuttle only retrieval, shuttles having completed

the delivery mission or sortie missions could retrieve payloads if there is

sufficient maneuver capability and load carrying capability. Again from the

Tasks, Guidelines and Constraints Briefing, 185 shuttle flights would have the

capability for retrieval. Assuming 50% utilization, 92 shuttle flights would

retrieve a satellite and #3 EVA could be applicable. NASA Payload retrieval

total is 129 - #3 EVA.

In order to relate the EVA's and IVA's to the 305 DOD payloads,

it is assumed that 50% or 152 of the 305 DOD payloads in Ref. 4 are for

surveillance or reconnaissance containing covered optics and sensors, and #3

EVA could be applicable. The other 153 would be navigation or communication

satellites and no EVA or IVA is assumed applicable. To consider the retrieval

possibilities of the DOD flights it is assumed that the Tug will be used in

the same manner for DOD satellites as it is for NASA payloads. It is also

assumed that the 152 navigation and communication satellites are delivered to

geosynchronous orbit by the Tug. Using the same ratio of Tug flights as for

NASA payloads, 74 of lOl, then Ill of the 152 DOD Tug flights would have re-

trieval capability, and, for 50% utilization, 55 would retrieve a payload and

#3 EVA could be applicable. For this analysis Shuttle only retrieval is not

considered since the lack of information on DOD payloads makes analyses of

the possibilities impossible at this time.
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It is assumedthat on 5%of the 597 Orbiter missions somemalfunction

or damageto the orbiter exterior or payload bay will occur which will require

inspection or repair; therefore, in the 12 year period a total of 30 - #4 EVA's

could be required.

Again from the retrieval analysis summarizedin Tasks, Guidelines,

and Constraints Briefing, 260 currently orbiting satellites plus 29 satellites

from the traffic model, or a total of 289 satellites, are within the rendezvous

capability of the Orbiter. It is assumedthat a 25%,or 75, of these satellites,

if repaired or serviced, will continue to provide useful data, therefore in the

12 year period a total of 75 - #7 EVA's could be applicable.

Table II is a summaryof the EVA's and IVA's which could be appli-

cable to NASAand DODShuttle Payloads.

2. Umbilical Length and Desirability

Each EVA and IVA was analyzed to determine the length which an

umbilical would need to be if one was used and when an umbilical would limit

maneuverability and be undesirable. Whether or not an umbilical would be

undesirable was a subjective opinion of the writer based upon the complexity

of the path to be traversed and how confined the path and worksite appear to

be. Table Ill presents the results of this analysis.

3. Contamination Sensitivity

Using Reference 3 as a data source, General Dynamics Convair

determined those payloads which are sensitive to water vapor, based upon the

type and temperature of the sensors on the payload. Table IV shows the results

of this analysis. Reference 3 data was used to determine which payloads are

sensitive to particulate or grease contamination in addition to those already

determined to be sensitive to water vapor contamination.

Table V is a summary of the contamination analyses.
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4. Representative EVA's for Orbiter Flights

The payloads identified for each Orbiter flight in Ref. (2) were

reviewed and representative planned and unscheduled EVA's and IVA's were

selected for each flight that could be applicable. The EVA's and IVA's selected

for the payloads in this analysis are those shown in Table I as modified by

the following ground rules.

A. The potential for an unscheduled EVA or IVA exists on

each Orbiter Flight.

B. On each Orbiter flight where a Tug is used to orbit one

or more satellites the potential for one unscheduled No.

3 EVA (Satellite and Tug Retrieval and Deployment Readi-

ness - EVA) and one unscheduled No. 5D EVA (Manually

Position Sortie for Experiment - EVA) exists.

C. For each satellite individually orbited, if no planned

EVA or IVA exists, the potential for one unscheduled

No. 3 EVA exists for each satellite on the Orbiter Flight.

D. EVA/IVA is planned for (Ref. l):

(1) Maintenance/Servicing of Large Astronomy Observatories

(2) On-Orbit Maintenance/Servicing of Retrieved Satellite

(3) De-Orbit Readiness of Payload in Cargo Bay

(4) Retrieval of Experiment Packages Including Sorties

(5) Free Flying Operations

Table VI shows the results of this analysis. Selected EVA's and IVA's and

the EVA/IVA times per flight are shown. The times shown are EVA/IVA durations.

REFERENCES

Tasks, Guidelines, and Constraints Briefing, 15 June 1972,

LTV Aerospace.
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DIR No. T-192-DIR-07 Revised Shuttle Traffic Model, Dec. 7, 1972.

NASA Payload Data Book, Report No. ATR-72(7312)-l, The Aerospace

Corp., 31 July 1972.

Shuttle Traffic Model In Support of The March 1972 RFP NASA

MSC-06746, Dated March 21, 1972.
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EVA OR IVA

TABLE III - UMBILICAL LENGTH AND DESIRABILITY

1. Maintenance of LST

IA. Aperture End - EVA

IB. Inside Telescope Tube - EVA

IC. RCS Modules - EVA

ID. Solar Cell Panels - EVA

2. Support of Earth Orbit Sortie

2A. Experiment Prep, - EVA

2B. Experiment Support - EVA

2C. Antenna Stowage - EVA

2D. Payload Bay Film Stowage - IVA

2E. Conduct Experiment in Sortie Facility - IVA

t

.

Satellite and Tug Retrieval or

Deployment Readiness - EVA

Inspection and Repair of Orbiter - EVA

Deployment and Retraction of Plasma

Wake Experiment

5A. Replace Boom Mounted Sensors - EVA

5B. Boom Retraction - EVA

5C. Boom Retraction - IVA

5D. Manually Position Sortie for Experiment - EVA

5E. Manually Position Sortie for Deorbit - EVA

6. Maintenance of X-Ray Observatory

6A. Replace Proportional Counter Array - IVA

6B. Replace Scintellation Counter - IVA

6C. Replace Crystal Spectrograph - IVA

. Maintenance of an Astronomy Explorer
Satellite

REQUIRED
UMB ILICAL

LENGTH - FT.

8O

lO0

70

60

70

70

70

70

5O

70

150

220

5O

60

70

70

40

4O

4O

UMBILICAL

UNDESIRABLE

X

X

X

X

X

70
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TABLE IV-
PAYLOAD

REFERENCE

NO.

NA 2-I

N_ 2-2

NA 2-3

NA 2-4

NA 2-6

NA 2-6

NA 2-7

NA 2-8

NA 2-9

NA 2-1'J

EFFECT OF WATER VAPOR ON SORTIE & MAN=TENDED PAYLOADS

PAYLOAD

NAM E

n

I.;_ldorvr, LP:O

I,:Xldorer , ,_ync.

IIEAO t', Illgh _"m'rt_'3'

Astronomy Ohserv;tl ory

High Energy AstrOnomy

Observatory RevlsRs

Large Space TelescOpe*

*l,:h,ctrOnlct'amt'ra liP,age

Plane Temperature

Large Space Telescope
Revisits

Large Solar Observatory

LSO RevisRs

[,argo High EnerKy Tele-

scOpe (X-Rayl

{ l.arge Area X-Ray Tele-

scope )

I,arg(, ttIF.I_ l':n,'rL.'y (X-l{aw

T,,I,,. eolw lh'vl::il;_

N.% 2-11

SENSOR

TYPE

( )1_h':d

X -Ilay

(;l|lllntll- lilly

()i,Ih.alIW

X -Rnv

Gamma- lh*y

_I_ay T,'h,;cop,,

A::I), CI ';t'll or

M:I_, Sr'nv,. '+eL.

l)og. St, n_:. Prop.
COtmter

Polarlmeter

I'l.jh_e;_. X-Ray Telescope

Aspect Sensor

HI Res. Imaging

X-Ray Spectrometer

Low EnergF Telescope

Spectrometer

Flare Detector

Recharge Cooled Detectors

or Replace

F/12 Electronic Camera

3 ;:a. I.'/9Gt'ant,.ra

5 I:a. Hpt,clrogrnphs
I Ea. Slit ,law _.'antr.|'|t

Exchange,Test, I,ST

Sensors & Supporting Sys.

1.5 m I'hotoh.'lloi;rapl _
Elect ron[c t'am,,ras

SpectrOgraphs

Magnetographs

XUV Spectrohellograph
Electronic Camcraa

X-Ray Telescope

E it;G._.-ua[_ C-'._,.;,_):a

SpectrOmeter

C Oronagraph A_._embly
+ AtLxilL_ry ln_ruments

Sensor Exchange, Adjust-

ments, and Subsystem Test

_('solu_ IonX-Ray Tele

,X- flay Imag[ng

X-B:W Spectrometer

p rOlvort Ional Counter

Max..'-h.n_llivlly I,et,

Pos. ,_:(,n,_. _ouni-r
l'Ol:tl'inl,'t('r

T";msi, nt X-Ray l)hell.Olncn

I _,-h.t'tor

E .cl_ai_g_' ._'n,-_or_..,_.dJtht-

ii1{'11',, II('l)alr'; ,_ :;Ul)141rt

?;I!)I'_..ll Ill:

_.'_i,I : :m,I I_r' i_;bliom,.!,.,_.

COOLED

L)

I

O

O

o

-0

0

o

O

l

o

o

o

I.

o

o

o

()|_:l lit} A I =Ol|()lil_. ()i' _l'l'V-

EST. i

TEMP. [--

"K !

?.'.):1• 5'

:'.7"| * 5"

20 - 77"

"!);I , f,

'.'7:1 , 5

'.'t) - 77'

'.'7:1L 5

20- 77'

273 ± 5'

273 ± 5"

273 = 5'

273 ± 5 °

27._ • 5 °

273 ± 5 _

273 ± 5 °

20 - 77 °

253"

25:1"

~':53 _.

253"

25:1" &

293"

293" +

'293 _ +

293 +

293" +

293 _

293 ° +

29:1o ..

293 ° +

293 ° +

273"

273"

• 273

20 - 77

:.:7:1

::7.'1

.-'0- 77

2'7:;

EFFECTS ON SENSOR

ICE

t)

t)

1

()

t_

I

o

I

o

o

o

o

I

I

I

I

o

o

o

o

o

o

O

o

o

o

o

o

I

,,.)

t)

_)

I

o

LIGliT

SCATTER

I I

I I

o o

I I

I I

t_ ()

I i)

I I

I I

I t

[ I

[ I

! [

o 0

0 0

I I

I I

I I

I I

I I

l I

I I

I l

I I

I I

I I

I I

I I

I I

I I

I 1

I I

I I

I I

I I

I I

I I

I I

:3 t)

SPECTI_L



A_'I'IHi!;OMY (( tr:Tl:;I I.:lil I

REFERENCE

NO.

NA 2-12

TABLE

PAYLOAD
PAYLOAD

NAME

Co,nld.cd Asl ronom)/l'hy-

:tic!+ t)b:i,,,pVal ioaa

_PACE PIIYSICS

NP2-13 Fxplorers - Upper

Atmosphere

NP2-14 i _,xplorers - Medium

Altitude

NP2-15 l;xlflorers - High

Altitude

NP2-16 Gravtty and Rehltivtty -

LEO

NP2-17 Gravity and Rchltlvity -

_)lnr

NP2-18 Fnvironn_cnt Pc rtu L'b:itlun

Mission A

NP2-19 l.'nvironment Perturbation

Mission B

NTPfi-20 !_etiot'+et+tri_ _.",d T-re,stellar

Spacecraft

NP2-21 _ace Station RAM -

Physics Lab

*('heck(xtt

IV-- EFFECT OF WATER VAIK)R ON SORTIE b MAN-TENDED PAYLOADS

SENSOR

TYPE

].-m l'hol<+l+,,ll_

lle_ _'n or

_I), 1'| t,oail,t i'i'_

X-Hay ,'Ip.,cl roht,lloi{r:q_h

VLI" l'ran_mllti,r :uid
R__,('I' Iv t' I'.'.1

i,il,t_'trOr, A¢':', l, va_o,r

t)ptlcal Tel, ::eul)C Slice -

! romet eft+

I]_ Tell,scope

N. A.

N. A.

N.A.

Gyros & Telescopes

in Dewar

Telescope

Prec.. Star Tracker

N. A.

N° A°

N,A.

Telescope

Photonlctric Cluster

Spectrometers

Aspect Sensors

TV Cameras

Guide Star Trackers

Optical Meteoroid Detector
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EST. •

TEMP.
COULEE

K

8

()

()

O

O

O

I 20 +

0

0

0

I 1.6

O

O

O

O

¢3

O

O

O

O

O

O

O

l.

ICE

EFFECTS ON SENSOR

L)

t)

t)

t.)

l)

t.)

I - YES O - NO ? = NOT DETFIIMINEDYET

0

O

O

O

O

LI(_ItT
SPECTRAL

SCA'rTEB

I I

] I

I I

O ()

I t

I f

I 1

0

O O

O O

O O

I O

I O

l O

0 0

0 0

0 0

i 0

I I

I I

I 0

I 0

I 0

I 0

I

I

I

I

I

I

I

I

I

I

I

I
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I

I
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I
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I
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I

I
I
I
I.
I

I:_T! I_I'L::;IT \ I!,

PAY'LOAD

_FEI_'_CE

I'10.

_ 2-2:2

Nr =*=:_

Nt" 2-24

N_." 2-25

NU 2-2(;

N!.: 2-27

N'U 2-28

_J 2-29

NU 2-30

NU 2-31

_ff 2-32

2-33

NIT 2-34

NU 2-35

N'U 2-36

NU 2-3"/

I " YES

EFFECT OF WATER VAPOR ON SOTITIE & MAN-TENDED PAYLOADS

PAY LOAD

NAME

M', r ._ Viking

Mtll'_ _O'Vt'l'

V t'l'ttt _ P|oBi,t,r

VonH:: Pa, JaP _lllp|_or

Venu_ I,argc LalYh'r

M_'rcury ()rbitPr

Pioneer - Jupiter OrbRcr

Mar tner-Juptter/U ranus

Flyby

PiOneer - Jupiter Probe

Pioneer - Saturn Probe

Mariner - .TupRer Orbiter

Uranus Probe/Neptune

Flyby

Marlnnr - Saturn Orblf,.,r

Enek,, Slow Flyby

Encke RendezvOus

A st'_" roid Bend£.zVous

O= NO

EST.
SENSOR

TEMP.
TYPE COOLED ICE

Ill ]¢:t,tioill_,tcr " I 77 I

Ill ,";lat'l 1ont,.h' r I 77 I

•TV t_ t)

IIIIlll_l.|,, 1 _ t I )

II! llad itlm,'h'r

TV

Ill ltad Ion'le| t'r

SI)t_t'l rolli_'t ,' r

l 77 I

O ( )

! 77 I

O (J

O t)

IP Inmger ! 77 I

Vldlcon:_ O t)

|IV Sly,C! ,,_m,_('r 0 (.)

IR l_adtOmeter " l 77 I

TV O O

UV Speetromoter, O O

I_ Spcet remoter

TV

UV Badiomctcr

UV SpectrOmeter

IR Rad (omctar

TV

Speetromcters

IP Badiomcter

TV

Spect romet e rs

Pad IOn1 _'! ('r

TV

Spect rom t,l e rs

I 77 l

O O

O O

O O

O O

O (.J

I 77 I

O O

O 0

I 77 I

O L)

O O

I 77 I

O L)

O O

TV O O

Radiometers ! 77 1

•_p_c!romct rs O (_

EFFECTS ON SENSOR

LIGIIT

SCATTER

l I

I I

I tl

I t_

I l

I 1

t) t)

I |

I t

i |

! |

i i

I O

I I

I I

I U

! I

I I

O O

O O

! I

i O

I !

l

I

i

!

I

I

! O

I t

I I

SPECTIL_,L

!

O

I

l

O

I

IR Badiom ,tcr I 77 1 I l

TV lmag-rr O O I t)

U V Spec_ rOtor,re r O O I I

I 77 I I !

0 0 I 0

II_ l_adlometc r

ImXgcr
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I
TABLE IV-

PAYLOAD

REFERENCE

NO.

NE 2-10

NE 2-[|

NE 2-12

NE 2-,13

NE 2-44

NE 2-45

NC 2-46

NC 2-47

NC 2-48

NC 2-49

NC 2-50

NC 2-51

NC 2-52

NC 2-53

EFFECT OF WATER"VAPOR ON SORTIE & MAN-TENDED PAYLOADS

PA Y LOAD

NAM E

I'1,'_ I_'1'11 _ :",_;I,: I[V,\'I'I_ )NS

['ill 1'I h ( )JlIli'1'Vll| Oi'V Hiil .

N I,:I )M

TIlluS-u

SEOS - Prototype

Farth Cbsmwnt Ion

Laho)'ntory - Sortie

I = YES

* NLYI'E': (_lv if wah, r dump

ot)scrvat Ion's. O(h(

on sensors.

k; copatt 3e

C UM M,INA V

ATS

SATS - SYNC.

SATS- POLAR

TDDS

Disaster Warning

System Test Sat.

Sortie - Comm/Nav. Exp.

Sortie - Comm/Nav. Lab.

* No Effect

** Only If C/U on orbil

0- NO

' SENSOR

TYPE

l{lldJq)lltt'l ¢' r

If| :'_t'IIIIML' I'N

J|llllJ_ll|_ SIl_,t'l I'Ol|l,'{l'r

I "llnlf'l'll,q

lll_h I'1(,:,_, lhldlonzch'r

VCI_. Tt'll'tJ). ,'_,)ulhhT!i

MS, lhullomeh,r

l{ all Iorn et t, r

AJ liiOS, SOI.I n( J {_ r

_|._* S¢'[Innt F:_

_i_ ]_ao lom¢,t ors

Spt,ct rometc rs

("3mt'rRs

MS. Scanner

R,'_lar

Seatteromet er

M.S. Spectrometer

ObservatiOn Telescope

MicrO'wave Scanner

M.S. Radiometer

Polartmeter

Optical l{adar

during Or _hor{ly before

t'wi._e contaminnt Ion eOv(!rs

Laser

Laser System

Laser System

C-65

? =

EST.

TEMP.
COOLED

'K

I 77 I

I 77 t

0 0

1 77 1

I 77 I

I 77 l

I 77 I

I 77 I

I 77 I

I 77 I

O O

O O

I 77 I

O O

O O

I 77 I

O O

O O

I 77 I

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

IOT DETEI_MINED YET

EFFECTS ON SENSOn

ICE
LIGiIT

SCATTEll
SPECTI_AL

I

I

U

[

I

0

0

I

0

0

I

0

0

0

0

0

0

0

0

0

0

0

I

I
I

I
I

I
I

I
I

I



l

I
I
I

I
I
I

I

I
I
I

I
I

I
I

I
I

I

_PA('V 'II.i'IIN()I.II,;Y AND M.%t +'IHAI._,'IFNI'V

TABLE IV - EFFECT OF WATER _A_"L O_ _m _ ._Lt.N--TENDED PAYLOADS

PAYLOAD"

REFERENCE

NO.

N'I'2-i;I

NT2-1;2

NT2-4;3

NT2-64

* lifo could

i_umBfy

t+X[. ' ri mt,nt

results

I = YES

PAY LOAD

NAME

Mi.teOl'ithl ;rod I XliO+qtlI'P

Mliihi h'

:4ill'lie - l_l:lll'i'i+ll

,%t'lLinec I llt'l'llllenU4

,_/,)i_lt' - Ath':inccd

Tl,t,hiloltlt.)5# I 'XllCr I lilt, nl _

Space Station - RAM

Technology and Material

Science Lab

N, A,

• SENSOR EST.
TEMP.

TYPE COOLED "K

()

• O

l,:iscr Iliinger Alllnliqi, r t)

I,IliAli 0

llhoiogr:illh h • i ':1 lilt,rill4 0

T¥ I,';illll,r,!li ()

I ,nndl++:l rk T r :leke r ',.)

St tt r '1' r._tt,kt, i',q t )

'l'uruddc l_+st, r. 1 1.6

Multlspectr_il St':i nni' r ? ',)

UV Meteor Slicctrogrilldl O

FatlhnJc I.:.,q)e r lment O

Material S+lmple Arra)'8 O

O= NO

N, A.

C-66

? _ NOT DETEIIMINED YET

EFFECTS"ON SENSOR

LIGlIT
ICE

SCATTER

0 (i

O II

t) I

() I

() I

t) I

O I

O I

O I

? I

O l

O O

O O

O O

SPECTRAl.

t)

(I

t)

()

l)

tl

O

I

I

1

O

t)



TABLE V - CONTAMINATION SENSITIVE PAYLOADS
m

REF.

PAYLOAD

NUMBER

la

lb

3

4

5

29

3O

43

7

8

89a

89b

9O

21

22

24

25

26

27

28

84

85

35

36

5O

51

52

53

54

55

56

86

PAYLOAD TITLE

EXPLORER CLASS

SCIENCE

Explorer - LEO (AST)(SAS-C SAT.)

Explorer - SYNC (AST) (SAS-C SAT)

Explorer - Upper Atmosphere (Space Phy)

Explorer - Medium Altitude (Space Phy.)

Explorer - High Altitude (Space Phy)

APPLICATIONS

Small Applications Tech. Sat. Sync.
Small Applications Tech. Sat. Polar

LIFE SCIENCES

Bioresearch Module

INTERMEDIATE CLASS

SCIENCE

Gravity & Relativity Satellites - LEO

Gravity & Relativity Satellites - SOLAR
Environment Perturbation Sat-Mission A

Environment Perturbation Sat-Mission B

Heliocentric & Interstellar Spacecraft

APPLICATIONS

Earth Observation Sat_lite

Synchronous Earth Observatory Sat. (SEOS)

Synchronous Meteorological Satellite
TIROS-O

Earth Resources Satellite (Proto)

Sync. Earth Observ. Satellite (Proto)

Applications Technology Satellite

Disaster Warning Satellite
Geopause

Systems Test Satellites

Tracking & Data Relay Satellite (TDRS)

PLANEATRY

Mars Viking
Mars Rover

Venus Pioneer

Venus Radar Mapper

Venus Large Lander

Pioneer-JUpiter ORBITER

Mariner-Jupiter/Uranus Flyby
Pioneer-Saturn Probe

WATER VAPOR

DEPOSITION

(ICE)

X

X

WATER VAPOR" PARTICLE I

X

X

X

X

X

X

X

X

LIGHT SCATTER

& SPECTRAL

AND

GREASE

X X

X X

X X

X

X X

X X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

C-67



I

I
I
I

I
i

i

I

rI

I
I

I
I

I
l
I

I
I

I

REF,
PAY LOA D

NUMBER

87

57

58
59

60

60-I

60-_

46

96

91

92

13.

TABLE V - CONTAMINATION SENSITIVE PAYLOADS - (CONT.)

PAYLOAD TITLE

Pioneer-Jupi ter Probe

Mercury Orbiter

Marl ner-Jupi ter Orbiter
Uranus Probe/Neptume Flyby
Asteroi d Rendezvous

Encke Rendezvous

Encke Slow Flyby
Mari ner-Saturn Orbiter

LIFE SCIENCES

Teleoperator

SPACE TECHNOLOGY

Meteoroid & Exposure Module

WATER VAPOR

DEPOSITION

(ICE)

WATER VAPOR

LIGHT SCATTER

& SPECTRAL

X

X

X

X

X

X

X

X

X

X

X

X

X

X

14

15

16

17

18

19

38

82

83

93

94

97

98

42

,m ,,

LARGE OBSERVATORIES

Large High Energy Telescope (X-Ray)

X-Ray Telescope Revisit

High Energy Astronomy Observatory (HEAO-C)

HEAO-C Revisit

Large Space Telescope (LST)

LST Revisit

Large Solar Observatory (LSO)

LSO Revisit

Radio Astronomy Observatory (RAO)

SORT IES

Sorti e - Astronomy/Physi cs Observations

Sortie - Comm/Nav Experiments

So_tie - Comm/Nav Laboratory

Sortie - Mini 7-Day Module

Sortie - Mimi 30-Day Module

Sortie - Material Science Experiments

Sortie - Advanced, Technology Experiments

Sortie - Earth Observation Laboratory

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

C-68

PARTICLE-

AND

GREASE



I REF.PAYLOAD
NUMBER

62
lO0
64
68
95
66
99

70
71
72
73
74
75
76
77
78
79
8O
81

TABLE V - CONTAMINATION SENSITIVE PAYLOADS - (CONT.)

PAYLOAD TITLE

SPACE STATION

Space Station Modules

Space Station-Crew/Ops Logistics Module

Physics Lab - Space Station RAM
Space Station - (RAM) Comm/Nav Lab

Space Station - Mini 30-Day Module

Space Station - Life Sciences Lab

Space Station - RAM Tech & Mat Sci Lab

NON -NASA PAYLOADS

COMSAT

U. S. Domestic Comm

Foreign Domestic Comm
Nav & Traffic Control

Nav& Traffic Control

TOS Meteorological
Sync Meteorological
Polar Earth Resources

Sync Earth Resources
Comm Satellites General

Broadcast Satellites

Broadcast Satellites

WATER VAPOR

DEPOS ITION

(ICE)

WATER VAPOR

LIGHT SCATTEF

& SPECTRAL

C-69

PAR_IC,|
AND

GREASEI
I

I
I
|
I

I
I

xl
X

I

I
I

I
I
I

I
I
I

I



I

! TABLE VI - EVA/IVA SELECTIONFOR ORBITER FLIGHTS

FLIGHT NOS.

NO.(1)

l la, 43

2 la, 13

3 3,73,5

4 80, 73
5

6 98

7 50

8 56

9 56

lO 81
11 70

12 79,36,81
13 79,80,29

14 74, 79
5

16 70, 76

17 21, 77
18 30
19 77,75
20 77

21 77

=..,=,_.._-=,..._ ,=,=.=...__

85,3,4

85,73,5
97, 26

97,14

48._214
6

93

60-I

52

79,1b,70

80,36,22

36,81,79

81,79,29

71, 72

71, 72

21, 75

85, 30

42(A)

CAP (2) RETRIEV. EVA/IVA EVA/IVA

" CAP (2) NOS. TIME (MIN.)

X o 3, 3 278
X

x o 3 139

x 2A,B,C,D 566

x o 3 139
X

x o 3 139

X

x o 3 139
X

x o 3 139
X

1980

X o

X

0

X "
X

X o

X

X o

X

X o

3,2A,B,C,D
6A,IA,2A

B, C, D

3 lC 6A

3,2A,B,C,D

3

3,2A,B,C,D

7O5

836

323

139

705

EVA/IVA
NOS.

3
3, 3

5D,3,3

5D, 3
3

5D, 3
5D, 3
5D, 3

5D, 3
5D, 3
4 5D,3
5D, 3

5D, 3
5D, 3
5D, 3
5D, 3
5D, 5D,3
5D, 3

EVA/IVA

TIME (MII

139

278

425

286

286

147

286

286
286

286

286

286

I07+ 286

286

286

286

286

286.

286

147÷ 286

286

5D, 3

5D, 3

5E, 3

4, 5E
5D

5E

5D, 3

5D, 3

5D 3
5D, 3

5D, 3

5D, 3
5D, 3

5D, 3

5D, 3

4, 5D, 3

5D, 3
5E

286
286

286

254

+147

373+I 47

147

286

286

286
286

286

286

286

___._._286
286

286

107 + 286

286

147

I
C-70



ORBITER

FLIGHT

NO.

1

2

4

5
6

7

8

9

lO

12

13

14

15

16

17

18
19

20

"21

22

23

24

25

26
27
28

i 29

PAYLOAD

NOS.

73, 5

13, la

73, 8

I_
14,82

14, 83

93

50

27,8l ,79

28,72,1b

80,72,79

80,81,29

35,72,79

35172179
36,7.2,76
74, 70
71, 72
38
88
97
98
3,30
85, 4

42 (A)

21,77
77, 25
77, 75
77

ORBITER

RET. CAP.

ORBITER

PLUS TUG

RET.CAP.

9B1

PLANNED •
EVA NO.

PLANNED.

EVA TOT.

X

X o
X

X o

X

X.,, Q

X

X o

X

X 0

X

x o
X

ID

3,1A,6A

2A,B,C,D

3
3,2A,B,

,C,D
3

3

TIME

'r39

77
409
566

139

139

566

566

139

705

139

139

UNSCHED.

EVA NO.

5D, 3

_D, 3
5D, 3

3
5B,5E

5A,5E
5E

5D, 3

5D, 3
4,5D,3

5D, 3

5D, 3

5D, 3

5D, 3
5D, 3

5D, 3
5D, 3

5E

5A, 5E
5E

5E

5D, 3

4,5D,3
5E

5D, 3

5D, 3

5D, 3

5D, 3

UNSCHED.

EVA

TOT.TIME

286

286

286

139

I01+147

373+147

147
286

286 i
I07+286

286

286

286

286

286

286

286

147

373+147

147

147

286

I07+286

147

286

286

286

286

I
I

I
I
I
I
I

I
I

i

I
I

I
I

C-71



I

!

I
I

I
I

i
I
!

!
I

i
i

i

I
i
i

'i

II

ORBITER

FLIGHT

NO.

l

2

3

4

5

6

7

8

9

lO

II

12

13

14

15

17

18

19

20

21

22

23

24

25

1982

PAYLOAD

NOS.

3,4,5

16,83

93,14,1a

14,16,1a

53

55

55

60

22,27

35179129
24,27,81

81,80,79

76,80,79

35,72,79

711 72
38

38

38

97

96

42 (A)

85, 30
42

42

21 ,75

ORBITER

RET.CAP.

X

X

0

0

PLANNED

EVA NO.

3

Ic

6B,ID,

2A,B,C,D

6B,IA, IB
6B

2A,B,C,D

3,1C,3,
IC

PLANNED

EVA TOT.
TIME

139

71

756
706

139

139

566

420

7O5

X

X

X

ORBITER

PLUS TUG

RET.CAP.

3,2A,B,C

D

3
3

3,3

139

139

278

UNSCHED.

EVA NO.

5D, 3

5B,5D,5E

5D,_5E,3

5E,3

5D_ 3
5D, 3

5D, 3

4, 5D,

5D, 3

5D_ 3
5D, 3

5D,3

5D,3

5D,3

5D_3
5E

5B, 5E
5E

5E

5D

5D, 3
5E

5E

5D, 3

C-72

UNSCHED.

EVA

TOT.TIME

w

286

lOl+ 294

433

286

286
286

286

I07+286

286

286

286

286

286

286
286_

147

I01+147

147

147

147

I07

286

147

147

286



/

ORBITER

FLIGHT

NO.

I

2

3

4

5

6

7

8

9

lO

II

12

13

14

15.
]6

17

18

19

__0
21

22

23

24

25

26

27

28

29

PAYLOAD

NOS.

14,98

Ia,73,5

14,16,1a

15a,l 3D

161 97
i7
87

24, 74

36,81,
9

28,27,
79

36,81
79

80,29
79

80, 76

•35,70
35,70
71, 72

71, 72
38

38

38

38

94

96

3,4
85,30
21, 77
77, 75
77
77

ORBITER

RET.CAP.

0
X

X o

X

X

X

X

X

X

X

X

X

X

1983

ORBITER

PLUS TUG
RET.CAP.

0

0

Q

0

0

PLANNED

EVA NO.

3,1C

6C,ID,

IA,6C
3

ICI 6C

3

2A,B,C,
D

3,1C,3
IC

3

3

PLANNED

EVA TOT.

TIME

210

460

139

184

139

139

139

566

420

139

139

139

UNSCHED.
EVA NO.

5D,5E

5D, 3

5D, 3

5E, 3

5D, 5E

5D, 3

5D, 3

5D, 3

4, 5D,3

5D, 3

5D,' 3

5D,3

5D, 3

5D, 3

5D_ 3

5D, 3

5D, 3
5E

5C, 5E
5E

5E
4, 5E

5D, 3
5D: 3
5D, 3
5D, 3
5D, 3
5D,3

UNSCHED.

EVA

TOT.TIME

294

286

286

286

294

286

286

286

107+286

286

286

286

286

286

286

147

159+I 47

147

147

I07+147

139

286
286

286

286

286

286

I
I

I
I

I
I

i
I

!
i

I
I
!

I
I
I

!
I

!

C-73
I



I

I

I
i

I
!

I
I
I

I
i

I
I

I
I

I
I

I
I

1984

ORBITER

FLIGHT

NO.

3

4

5
6

7

8

9

I0

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

PAYLOAD

NOS.

14,1a,5

14, 16

16, 18

18

59

28,22,16

36,81,79

71, 79

80,76 _79

35,79,29
71

80, 81

35, 70
38

38

38

38

97

97

94

82

42

42

314
7, 30

21,75

ORBITER

RET.CAP.

x

X o

X

X
0

X

X o

x

X
0

x
0

X

x
0

X

1I
0

X

ORBITER

PLUS TUG

RET.CAP.

PLANNED

EVA NO.

ID,6A

6A,IA,

IB, 6A

6A,3,1C

ID,6B
IA.6B

3

3

2A,B,C,
D

2A,B,C

I)
2A,B,C
D

3

3

3,3

PLANNED

EYA TOT.

TIME

190

706

513

270
139

139

139

566

566

566

139

139

278

139

UNSCHED

EVA NO.

5D, 3

5.E,5E

5E, 5E

5E

4, 3

5D, 3

5D, 3

5D, 3

5D, 3

5D, 3

5D, 3
5D, 3

5D, 3
5E

5D, 5E
5E

5E

4, 5E

5E

5E

5C, 5E
5E

5E

5D, 3

5D, 3

5D, 3

UNSCHED.

EVA

TOT.TIME

286

294

294

147

I07+139

286

286
286

286
286

286

286
286

147

147+147

147

147

I07+147

147

147

159+147

147

147

_86
286

286

C-74



1985

ORBITER
FLIGHT
NO.

IT
2T
3
4

PAYLOAD
NOS.

5,4,86
3,86,73
13u,15D
14,16

ORBITER
RET.CAP..

X o

ORBITER

PLUS TUG

RET.CAP.

PLANNED
EVA NO.

o 3

3

6B,3,1C

ID,6C

PLANNED•

EVA TOT.

TIME

139

139

513

UNSCHED.
EVA NO..

5D,3

5D,3

5D,5D,3

5D,5D

UNSCHED.

EVA

TOT.TiME

286

286

433

294

6

7

8T

9T

IOT

liT

12T

13T

14T

15T

16T

17T

18T

19T

2O T
21T

SS 22

SS 23

SS 24

S$ _5
SS 26
SS 28

SS 29

30

31

32

33

34

35

SS 36

SS 37

SS 38

SS 39

40

41

42

43

44

45

SS 46

SS 47

14,18

17

18,19
54

57

60

78,1b,81

79,1b,78

29,80

35, 79

35, 79
71

71

70

79,76,78

80 i78
74,81
99

62

62

62

62
66

95

38

38

28

82

83

42

lO0

lO0

lO0

lO0

" 85,30

21,75

" 77,25
77

T 77

T 77

64

68

X

X

X

X

X

X

X

X

X

X

X

X

• X

X

X

X

X

X

X

X

X

X

X

X

X

X

0

0

0

0

0

X

X
0

X

0

O

6C,IA,IC 454
6C
3 139

lD,6A 190

3 i39

3 139

3 139

3 139

3 139

3 139

3 139

3,_ 278

3 139

3 139

3 139

3 139

3' 139

4, 5D,5D

5D, 3

5D,5D,3

5D, 3

5D, 3

5D: 3
5D, 3

5D,5D,3

5D, 3

5D, 3

5DI 3
5D, 3

5D, 3

4, 5D,3

5D,3

5D_ 3
5D, 3
5D

5D

5D

5D

5D

5D

5D,5E
5E

4,5E
5E

5E

5C

5E

5E, 5D

5E, 5D

5E, 5D

5E, 5D

5D_ 3
5D, 3

5D,3

5D,3

4, 5D,3

5D_ 3
5E

5E

107

286

433

286

286

286, ,,
286

147+286

286

286

286

286
286

107+286

286

286

286

147

147

147

147

294
147
254 -

147
147
159
147
294

294

294

294

286

286

286

286

I07+286

286

147

147

C-75

I
I

I

l
I



1986

I

I
I

I
I

I
I

I
I

I
I

I
I

I
I
I

I

ORBITER

FLIGHT

NO.

IT
2

3

4

5

6I'
7T

8T

9T
IOT

liT

12T

13T

14T

15T

16T

17T

SS 23

24

SS 25

ss 2i_
SS 27

SS 28

SS 29

SS 30

SS 31

SS 32
33 T

34 T

35 T

36 T

37 T

PAYLOAD

NOS.

5

14,18,1a

16,1a

14,16

18

58

28

22,76,79
29, 81

35 ,.79
35, 79

72, 79
71

71

72, 80
72, 80

72, 81

95

42

I00

lO0

lO0

lO0

lO0

lO0

lO0

lO0

3,4
21

26

26,75
30

ORBITER

RET.CAP.

X

X o

X

X o
X

X o
X

X o

X

X o

X

X o

.X
X o
X

ORBITER

PLUS TUG

RET.CAP.

X o

x

X o
X

X

X o.

X

X

X
x

x

PLANNED

EYA NO.

6A,IA,

]C,6A

ID,6C

6B,IA,

IC,6B

3.1D,6B

3

3

3

3

3

PLANNED

EVA TOT.

TIME

454

190
454

139

139 ....

139

13g

139

139

139

'139

139

139 '

C-76

UNSCHED.

EVA NO.

5D, 3

5D,5D,3

5D,3

5D,5D

5D
5D, 3

5D, 3

4_ 5D_3
5D, 3

5D, 3

5D,5D,3

5D, 3

5D_ 3
5D, 3

5D,5D,3

4, 5D

5E

5D,5E

5D,SE

5D,5E

5D, 5E

5D, 5E

5D, 5E

5D, 5E
5D, 5E

5D, 3

5D, 3

5D_ 3
4, 5D,3
5D, 3

UNSCHED.

EVA

TOT.TIME

286

433

286

294

147

286
286

286
286

107+2B_6
286

286

147+286

286

2_6 __1
286

147+286

107+147

147

294
ib"

294

294

294

294

294

294
294

286

286

286
=m

I07+286

286



ORBITER

FLIGHT

NO.

IT

2

3 T

4

5

6

7

8

9

lOT

liT

12T

13T

14 T

15T

16T

17T

18T

19T

20 T

21 T

22 T

23 T

24

25

SS 26

SS 27

SS 28

SS 29

SS 36

SS 37

SS 38

39 T

40 1

41 1

42 l

43 1

44 l

45

SS 46

SS 47

48 1

PAYLOAD

NOS.

8,89

14,16,1a

5,73

15u, 13D

14,18

16

19

17

18
r--w
o!

74,36

29, Ib

72, 79

27, 81

721 79

25, 79

35, 79

80, 72

80, 72

36, 76
81, 72
71

71

42

82

lO0

lO0

lO0

lO0

lO0

lO0

lO0

3,4

30

26_75
26

26

26

66

lO0

68
21

ORBITER

RET.CAP.

X
0

X

X o

X

X o

X

X
0

X

X

X o

X

X o

X

X 0

X

X o

X

ORBITER

PLUS TUG

RET.CAP.

X
0

X

X o

X

X o
X

X o

X

X

X

X

X

X

1087
PLANNED
EVA NO.

6C,IA,IC
6C

3

6C,F3,1D,
IA.6A

IC,6A
3

ID, 6A

3

3

3

3

3, 3

PLANNED
EVA TOT.

TIME

454

139

599

184

139

190

139

139

13.9

139

278

139

139

139

139

139

139

139

UNSCHED.

EVA NO.

5D, 3

5D,5D,3

5D,3

5D,5D,3

5D, 5D

5D

5D, 3

5D, 3

5D

JU _ J

5D,3

4, 5D,
5D, 3
5D, 3
5D_ 3
5D, 3
5D, 3
5D, 3
5D, 3
5D_ 3
5D, 3
5D, 3
5D, 3
5E
4, 5D
5D, 5E
5D, 5E
5D, 5E
5D, 5E
5D_ 5E
5D, 5E
4,5D,5E
5D, 3
5D, 3
5D_ 3
5D, 3
5D, 3
5D, 3
5D

5DI 5E
5D, 5E
5D, 3

i

UNSCHED.

EVA

TOT.TIME

286

433

286

433

294

147

286

286

147
")OC
LUI,_

286

107+286

286
286

286

286

286

286

286

286

147

107÷147
294

294

294
294

107+294
286

286
?86

286

147
294 __
294
286

C-77
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I

I
I

I

I

ORB'ITER

FLIGHT

NO.

1988

IT

2

3T

4

5

6

7T

8T

9T

IOT

liT

12T

13T

14T

15T

16T

PAYLOAD

NOS.

Ia,3,88

la, 14

5,4,88
14

16, 18

16

54

78, 79

78, 22

78,79,27

78,79,27

79,72

80, 72
28

29,80

35,81

ORBITER

RET.CAP.

X o

X

X o

ORBITER

PLUS TUG

RET.CAP.

X 0

X

X Q

X

X o

PLANNED

EVA NO.

3,1A,6B

6B,IC,
ID.6B

3,1A,6A'

3

3

3

PLANNED ._

EVA TOT.

TIME

409

374

409

139

139

139

•UNSCHED.

EVA NO.

5D, 3

5D, 3

4, 5D,3
5D

5D, 5D

5_
5D, 3

5D, 3

5D, 3

5D,.3
5D, 3

5D, 3

5D, 3

5D, 3

5D, 3

4,5D,3

UNSCHED.

EVA

TOT.TIME

286

286

10_+286

147

294

147
286

286

286

286

286

286

286

286

_'86
I07+286

17 T 35,81

18 T 36, 76
19 T 70

20 T 70

21 T 71

22 T 71

23 42

SS 24 lO0

SS 25 lO0

SS 26 lO0

SS 27 lOO

SS 28 lO0

SS 29 lO0

ss 30 1oo
SS 31 lO0

32 T 30

33 T 21,75

X

X

X

139

139

139

139

139

5D, 3

5D, 3

5D, 3

5D,'3

5D, 3

5D, 3
5E

5E, 5D

5D_ 5E
5D, 5E

5D, 5E

5D, 5E

X

X

X

X

9

0 X

X

3 139

3 139

4,5D,5E

5D, 5E

5D, 5E

5D, 3

5D, 3

286
286

286

•28_

_0
147
294
294
2'94 '

294

294
107+294

2.94
294

286

286

C-78



ORBITER

FLIGHT

NO.

1
2

3T

6

7

8

9

I0

lIT

12T

13T

14T

15T
.A

16T

17T

18T

19T

20 T

21 T
22 T

23 T
24

25

26

SS 27

SS 28

SS 29

SS 30

SS 31
SS 32

40 T

41 T

42 T
d

43 T

44 T

45 T

46 T

47 T

48 T

49 T

PAYLOAD

NOS.

Ia,14,16
la

i ,

ORBITER

RET. CAP,

l

ORBITER

PLUS TUG

RET.CAP.

)89

PLANNED

EVA NO.

IC,ID
3

PLANNED _

EVA TOT.

TIME

148

139

I

UNSCHED.

EVA NO.

5D,5D,3
3

UNSCHED.

EVA

TOT.TIME

433
I 39

5,73

13_,15D
14_'18

16

17

18

19

58

60 .-3

28

29, 79

35, 79

35, 79

79,80

70

80,81
71

72, 81

74, 76

3,4
42

83

91

lO0

lO0

lO0

lO0

I00

I00

30
85

21,75
77

77

77

77

77

77

71

3
6A,IA,IC,

6A

3,1D,6B

IA, 6B

3

3

3

3

_,3

3

3

3

139
454

329

270

139

139

139

139

278

139

139

139

1393

3

3

3

139

139

139

4,5D,3

5D_5E,3
5D,5D

5D

5D,
5D

5D,

5D,

5D,

5D,

5D,

5D_
5D,

4,

5D,

5D,

5D,

5D,

5D,

5D,

5D

5E

5E

5E,

5D,

5D,

4,

5D,

5D,

5D,

5D,

I07+286

433

294

147

3 286

147

3 286

3 286

3 286

3 286

3 286

3 286
3 286

5D, 3 107+286
3 286

3 286

3 286

3 286

3 286
3 286

147

147

147

5D 294

5E 294

5E 294

5D, 5E I07+294

5E 294

5E 294

3 286

3 286

51), 3
4,5D,3
5D, 3
5D, 3
5D, 3
5D, 3
5D, 3
5D, 3

286
I07+286

286

286

286

286
286

286

C-79

I
I

I
I

I
I
I

!
i

I
I

!
I
I
I

I
I

I
I



I

I

I

I

1

I

1990

ORBITER

FLIGHT

NO.

1 T

2

.5
6T

7T

8T

9T

IOT
lit

12T

13T

14T

].5 T
16T

17T

18

19

SS 20
SS 21

SS 22

SS 23

SS 24

.SS 25
SS 26'

SS 31

PAYLOAD

NOS.

5

I,4,16

14,18

16,92

18

51

51

79,1b

72, Ib

29 m 72
35, 79

35, 79

79, 80
71

71

80, 81

22,76,81
42

82

lO0
lO0

lO0

lO0

lO0

lO0

lO0
lO0

ORBITER

RET.CAP.

x

X

x

X o

x

X o

X

X o

X

X o

X

X o

X

ORBITER

PLUS TUG

RET.CAP.

X o

x

X o

x

X o

x

X

x

PLANNED

EVA NO.

6B,IA,IC,
6C

6C,3,1D,IA

6C

6A,IC,IC,
6A

3,1A,6A

3

PLANNED.
EVA TOT.

TIME

454

599

368

4o9.

139

139

139

139

139

139

139

139

UNSCHED.
EVA NO.

5D,3
5D,5D

5D,5D

5D,5E

5D
5D,"3
4, 5D, 3

5D, 3

5D, 3

5D, 3

5D, 3

5D, 3

5D, 3

5D, 3

5D, 3
5D, 3

5D,3
5E

5D

4,SD,SE

5D,5E

5D, 5E

5D, 5E

'SD, 5E

5D, 5E
5D, 5E

UNSCHED.

EVA

TOT.TIME

r"

286

294

294

294

147
286

107+286

286

286

286

286

286

286

286
2R6

286
286

147

147

I..07+294
294

294

294

294
9qA

32 T

33 T

34 T

35 T

36

SS 37

3, 4

7, 30

2.5, 75
21

69

lO0

X o

x

x 9
X x

3

2

139

139

5D, 3

4,5D,3

5D, 3

5D, 3

5D

5D

286

I07+286

286
m,

286

147

147

NOTES:

(1) T - Indiates a recoverable Tug is used on that flight.

SS - Indicates a space station support flight.

(2) x - Indicates retrieval capability (from early analysis by Copeland).

- Indicates this flight will retrieve a satellite (50% of those

flights having retrieval capability).
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APPENDIX D

PREBREATHING REQUIREMENTS
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Prebreathing Data Summary For Use In The VHSC

I Space Shuttle EVA/IVA Equipment Study

" I_YiiTl[ M '

Fill In block below for Informotlon Requeit

DESIGN INFORMATION ITI_- RELEASE
i L •

DIR. ,NO.

T-192-DI R-OI

UATI¢ I PAG_26 July 1972
REI r. G. O. NUMI.IEf_I

3356-BA-I 160

OV

I

Fill In block below for Information Reloa=e

12

• 13Y

ONLY [_ BWR []

c D. Boydston - NASA-MSC(2)_ D, Horriqan " "
DESIGN INFORMATIONI

IN REPLY TO DIR. NUMBFR . None

REL.'ro,,. R. L. Cox r.RouP
PREPARED BY DATE I CHECKED BY

B. Webbon _./_' 7/z_/zz I R. L. Cox R_ _'
_RouP APP. _ =)ATE ' IPROJOPP,¢="

J. Davis - Brooks AFB P. Wood R. French
R. Cox J. Williams EC/LS Files 15)

3-52010
DATE

I INTRODUCTION

An investigation of the pertinent data on prebreathing requirements for decompressions i

I from a two gas atmosphere to final pressures ranging from about 3 psia to sea level was

"-conducted as part of the VMSC space shuttle EVA/IVA equipment study. The purpose of the

I investigation was to determine the physiological requirements to prevent bends for various

i spacecraft and suit operating pressures. A further consideration was the effect of

interruptions to the prebreathing cycle. These interruptions, during which the shuttle

I

I

cabin's Op-N2 atmosphere would be breathed, could occur during the donning of the EVA/IVA

equipment. The effect is to extend the prebreathin 9 time but the time extension could be

considerably greater than the interruption time due to the rapid resaturation of the body

i with nitrogen. This DIR summarizes the results of this investigation and presents curves

for use later in the study.

_TECHNICAL DISCUSSION
g

The effect of variations in the initial Orbiter cabin pressure on the final suit

pressure is shown in Figure I. This figure, which is taken from data in Reference I, is

_sed on an empirically modified analytical expression that is intended to predict the

onset of bends symptoms. The boundaries of the general population range shown on the

represent the threshold of expected symptoms. The figure is in good agreement with

data for decompressions from 14.7 psia, that indicate that almost no subjects drawn from
m_,_D_- 2 ham Di



DATE:
FILE:

PAGE:

26 July 1972
T-192-DIR-OI

2 of 12

i

!
the general population will suffer bends following decompression to 25,000 feet (5146 psi_

|
while nearly all subjects will exhibit symptoms when decompressed below 3.47 psia

(35,000 feet), particularly when exercising. The empirical data available for correlatio H
i

for decompressions from initial pressures below standard sea level are much more limited.

However, the limited data (Reference l) are in agreement with the trend shown on the I

figure. The figure shows that reducing the Orbiter pressure to ll.7 psia (_ 6,000 feet)

which is greater than the cabin pressure in most commercial airliners, will allow the
'I

use of current suit pressure with almost no risk of bends for any subjects. The data i
i

are insufficient to allow firm recommendations for an optimum reduced Orbiter pressure.

However, the advantages of using current low pressure suit technology with modifications i

n

only as required for increased mobility and comfort, ease of donning, longer lifetime,

etc.; are sufficient to indicate further physiological research is required in this area. i

The relative advantages and disadvantages to the Orbiter vehicle and safety at a reduced i
i

cabin pressure should also be considered. An initial pressure of 14.7 psia will be

assumed henceforth for all the data presented in this paper. I

i

The prebreathing curves (Reference 2) shown in Figure 2 result from an
i

analytical solution of equations describing both the diffusion of N2 out of the body i

and the onset of bubble formation in the blood. The two different curves result i

from different assumptions on the initial size of a stable bubble. The curves are

in agreement with other data presented in Reference 3 that indicate the lower curve I

represents approximately a 90% certainty that no subjects drawn from the population

at large would suffer the bends for the decompression indicated. Similarly, the i

upper curve represents approximately a 99% probability of no bends for any subjects. H
U

These curves are more conservative than the data shown in Figure l since they indicate

that approximately 0.5 hour minimum prebreathing is required to decompress from sea i

level to 25,000 feet. However, the data points for U-2 flight operations indicate

that actual flight operational experience is more in line with the data in Figure l

(Reference 4).
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It is well known that the susceptibility of individuals to the bends

varies widely (References 5 and 6). It is possible to classify individuals into

groups with similar susceptibility by examining factors such as age, the amount

of body fat present, and the condition of the circulatory and respiratory system.

Following such classification, the expected probability of bends can be estimated

for each individual by utilizing data compiled for his group. Other data presented

in Figure 3 (Reference l) show this variation between groups classified according

to age. Thus the curve that indicated 90% probability of no bends for the general

population, actually corresponds to a much higher degree of protection for

individuals in good physical condition. A physical examination, perhaps similar

to that now required for experimenters on military aircraft, could be used to screen

candidate experimenters and other passengers who have low expected tolerance to the

bends (References 5 and 6).

Another factor that may be of particular importance in the case of

emergency decompression is shown in Figure 4. This figure shows that in most cases

bends symptoms don't appear for 15 to 20 minutes. This time interval is significant

since it is greater than the expected duration of many credible emergencies, so that

a low pressure emergency suit might be satisfactory with no prebreathing in some

cas es.

Figure 5 shows the influence of interruptions to prebreathing on the

incidence of bends symptoms. At1 data shown on this figure are for decompression

from sea level to 3.5 psia. These data are significant since it may be necessary

to interrupt the prebreathing period to allow donning of various components of the

EVA/IVA protective gear. The starting points of the curves assumes that 50% of

the subjects would suffer bends symptoms with no prebreathing. This corresponds

to a condition of mild exercise. Increasing the exercise rate tends to increase

the incidence of bends symptoms.

D-4
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Figure 6 shows a cross-plot of these samedata. The curves show that the

effect of interruptions is increased as the prebreathing time increases. This

occurs because the incidence of symptomsis reduced as the prebreathing time is

increased. However, since nitrogen is initially rapidly reabsorbed during the

interruption, the expected incidence of symptomsalso increased rapidly. This

can also be seen in Figure 7. Figure 7 was calculated from Figure 5 by determining

the time difference between each of the interrupted pr_hr_athing curve_ and the

continuous prebreathing curve for a given % incidence of symptoms. For example,

3 hours prebreathing corresponds to 19% incidence of symptoms following I/2 hour

of air breathing. 19% corresponds to 1.6 hours on the continuous prebreathing

curve so that the time difference between curves is 1.4 hours. This and similarly

derived points are plotted on Figure 7. This figure shows the prebreathing time

lost when the denitrogenation period is interrupted by breathing air at sea level

conditions. For example, If 3 hours prebreathing (which might be required for a

3.5 psia suit) was followed by 15 minutes of breathing air during final donning of

the EVA/IVA equipment, the figure shows that about 50 additional minutes of pre-

breathing are required to regain the same level of bends protection. Figures 5,

6, and 7 were all compiled from data based on decompression from sea level to

3.5 psia 02 final pressure. The prebreathing time lost as shown on Figure 7 should

be conservative for decompressions to a higher final pressure or starting from a

lower cabin pressure.

CONCLUSIONS

The baseline prebreathing curve to be used by VMSC is the lower limit of

the shaded region shown on Figure 2. This curve represents a very high degree of

certainty that none of the crewmen who are likely to fly in the shuttle, generally

D-5
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I

!

I

those in better physical condition than the general population as a whole, will

suffer bends symptoms for the decompressions indicated. The effects of using

the upper limit curve for suit pressures greater than 5 psia on items such as

contingency concepts, prebreathing gas expendables and increasing the man-hour

overhead for performing EVA will also be calculated for comparison. Consideration

I

I
I

will also be given to the effects of reducing the Orbiter cabin pressure as shown

in Figure I. This has a significant impact on the suit technology required for

shuttle operations, particularly for the case of contingencies involving cabin

decompression. The final recommendations for suit and Orbiter pressures and pre-

breathing requirements will be made following this quantitative analysis. Since

I

I

I

the physical condition and other requirements for the shuttle crewmen may be

more stringent than those required for the experiments it is possible that the pre-

breathing time requirements may be different for each. Data presented in Reference 5

indicate that subjects having less than 12 kg of body fat, independent of the body's

total mass, are unlikely to suffer bends symptoms. Thus a determination of the

I
I

I

body fat content might be a useful screening criteria for candidate experimenters.

Since data showing the effects of interrupted prebreathing are apparently

missing for decompression other than to 3.5 psia, and they are limited even for

this case, Figure 7 will be used for all cases.

Further experimental work is required to more precisely determine the

I

I
,I

physiological parameters required for an accurate prediction of an individual's

susceptibility to the bends. Data such as those shown in Figure 3 indicate that bends

susceptibility generally increases with age. However, other factors such as the

ratio of fat to lean mass in the body and deterioration of the respiratory and

circulatory system also increase with age. The data are generally insufficient to

I

I

determine precisely whichparameters should be used for screening criteria. An

additional related study to investigate, the effects of prebreathing interruptions

for higher final pressures is required.
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FIGURE l EFFECT OF INITIAL CABIN PRESSURE ON

SUIT PRESSURE WITHOUT PREBREATHING

NOTES :

Based on Figure 48, p. 250

Reference l, curves represent

threshold of bends symptoms

for groups shown

. I

T

Current (A7LB)
Suit

Pressure

Regi on
Safe

,For All .

.Subjects

Range

Region where all

subjects should

suffer bends

symptoms

Rapidly

Desaturati ng

Subjects

Typical Airline.
Cabin Pressure

Slowly

Des aturati ng

Subj ects

sea level,

9 I0

' ! I . I

11 12 13 14 15
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PREBREATHING TIME AS A FUNCTION OF SUIT PRESSURE

NOTES :

Initial Atmosphere is

02-N2 at STP

A Nominal transfer from Soyuz

to Apollo CM

•C)Contingency EYA transfer from

Soyuz to Apollo CM

[] Manned EMU tests

_U-2 reconnaissance flights

(Reference 3)

® NASA-Ames U2 flights

curves based on:

Aerospace Medicine, Vol. 36,

No. 5, May 1965, p 423

Other data in NASA CR-1205 (III)

indicate that lower curve represents

approx. 90% probability that no

subjects will suffer bends (I00%

for many groups) upper curve is

approx. 99% level for all subjects.

®

Final Pressure (psia)
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Compilation of All Data Bearing on Rate

of Protection by Preoxygenation and Rate
of Nitrogen Loss from Critical Ti_ues

Curves 6, 7, and 0 represent data of three

different investigators on same age group.

Legend
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old group

old group

old group

old group

old group

18 yr

18 yr

3. <24 yr

17 yr

27 yr

6. <24 yr

7. <24 yr

Mixed

9. <24 yr

10. <24 yr

35 yr

Single

(35,000 ft.

000 ft.

(average curve) -- 35000 ft.

(fastest curve) - 35 000 ft.

(average curve) - 38000 ft.

(average curve) - 38 000 ft.

(average curve) - 35.000 ft.

old group (average curve) - 35 000 ft.
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FIGURE 6

INCREASE IN BENDS INC£DENCE CAUSED

BY INTERRUPTED PREBREATHING

NOTES :

• Decompression from
sea level to 3.5 psia

• Data cross plotted from

previous curves

0 ! I
2.

3 Hours Prebreathing

2 Hours Prebreathing

l Hour Prebreathing

Time Breathing

Air Following

Prebreathing (Hrs)
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FIGURE 7

PREBREATHING TIME LOST BY BREATHING

AIR FOLLOWING DENITROGENATION

Prebreathi ng
Time Lost

(Hrs)

S

3

NOTES :

Based on data from

decompressions from

sea level to 3.5 psia
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